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2 outstanding texts— 


Grinter 
ENGINEERING MECHANICS 


For both the sophomore course in statics and the junior 
course in dynamics, this text presents mechanics in 
logical thought-sequence, solving special cases and 
numerical examples directly from a few basic laws. It 
treats statics before dynamics, divides space and empha- 
sis equally between the two subjects, and begins with a 
section on the history of mechanics. 


1953 408 pp. 


$5.75 


Woods & DeGarmo 


Introduction to 


ENGINEERING ECONOMY 


Revised Edition 


Bringing completely up-to-date this full coverage of the 
economic problems of engineering, the authors cover 
such topics as investment—its purposes and methods of 
determining its advisability; production problems; the 
use of statistical methods; and quality control as it 
relates to the economy of production. 


1953 519 pp. $6.00 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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_ International 


MACHINE DESIGN New 3d Edition 


VLApIMIR L. MALEEV, Professor Emeritus of Mechanical Engineering, 
Oklahoma A. & M. College, and JAMEes B. HARTMAN, Department of 
Mechanical Engineering, Lehigh University 


The primary objectives in the revision of this outstanding text have been 
(1) to improve the teachability of the book and (2) to bring it up to date. 
The book (completely reset) has been carefully rewritten, and considerable 
new material on many topics has been introduced. Ready in May. 


ENGINEERING THERMODYNAMICS New 2d Edition 


Jesse S. DooLiTTLE and ALEXANDER H. ZERBAN, Departments of Me- 
chanical Engineering, North Carolina State College and The Penn- 
sylvania State University 


A book that presents thermodynamics in a simple, straightforward man- 
ner. In the new edition the textmatter has been carefully rewritten in 
many sections, and over 800 problems are included. Ready in June. 


ELEMENTARY SURVEYING 


Warren C. Taytor, formerly Chairman of the Department of Civil 
Engineering, Union College 


An outstanding text for a brief course in surveying. The treatment is as 
concise as possible without the sacrifice of essentials necessary for a com- 
plete understanding of the subject. Especially well-suited for service 
courses. Second Edition, 1949, 256 pages. $2.75. 


SURVEYOR’S FIELD-NOTE FORMS 


CLARENCE E. BARDSLEY, United States Bureau of Standards, and ERNEST 
W. Carton, Department of Civil Engineering, Missouri School of 
Mines and Metallurgy 


An invaluable aid in teaching students proper methods and practices of 
recording field data, with emphasis placed on the development of the habit 
of keeping neat, legible, and systematic notes. Can be used with any gen- 
eral surveying text. Third edition, 1952, 127 pages. $1.75. 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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2 spring publications— 


he Americas 
. Bronwell, 
son, Editor. 
t of August 


Ware & Town 
ELECTRICAL TRANSIENTS 


A text which enables the undergraduate student to obtain 
a firm grasp of the principles involved in the action of 
electrical circuits under transient conditions and gives 
him a facility in the use of the mathematical tools 
required for the analysis of such circuits. 


ready this spring 


Pare, Loving & Hill 


DESCRIPTIVE 
GEOMETRY WORKSHEETS 


Series B 


Covering the drafting and layout work of standard 
descriptive geometry courses, this workbook supplements 
the DESCRIPTIVE GEOMETRY WORKSHEETS 
published in 1950 by providing a completely different set 
of descriptive geometry problems, thus enabling the 
teacher to introduce different sets of problems in alter- 
nate years or semesters. Adequate space is provided 
for the completion of partial layout problems. 


ready this spring 


60 FIFTH AVENUE, NEW YORK 11 
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Recent and Forthcoming 


HANDBOOK of STANDARD TIME DATA 


For Machine Shops 


Arthur A. Hadden, Late President; and Victor K. Genger, Vice-President, 
McClure, Hadden & Ortman, Inc., Management Engineers 


Just out—First one-volume source for all tested, detailed standard data 
needed for establishing machine shop time values. Provides separate tables 
for each common type of machine tool. Specifications for manual operations 
recognize such variables as weight of piece, transportation, etc. Recom- 
mendations for machining and tables for machine elements cover type of 
equipment, amount of material to be removed, etc. 87 forms, tables, 474 pp. 


THE FLOOD CONTROL CONTROVERSY 
Big Dams, Little Dams, and Land Management 


Luna B. Leopold, United States Geological Survey; and 
Thomas Maddock, Jr., United States Bureau of Reclamation 


Ready in May—Clarifies both the technical problems and economic and 
political issues in flood control. Explains the nature of river floods and 
measures for their control. Evaluates present control methods, examines 
hydrologic considerations, and weighs the effectiveness of current and pro- 
posed flood protection plans. Foreword by Fairfield Osborn. A Con- 
servation Foundation Study. 31 ills., 316 pp. 


PRINCIPLES of INDUSTRIAL PSYCHOLOGY 


Thomas Arthur Ryan and Patricia Cain Smith 
—both of Cornell University 


Ready this Spring—Sets forth accepted facts of industrial psychology, 
delineates its subject matter, describes its methods, and recommends pro- 
cedures which may be applied to a wide variety of problems in industry. 
Critically examines this material, stressing the need for general unifying 
principles and theories. 58 ills., 600 pp. 


A GUIDE TO TECHNICAL WRITING—2nd Edition 


W. George Crouch, University of Pittsburgh; and 
Robert L. Zetler, Pennsylvania College for Women 


A Spring publication—Well suited to the needs of undergraduates in 
engineering and others who write on technical subjects. Includes new 
illustrative material, expanded discussion of the report, analysis of examples 
of technical exposition. New edition incorporates the suggestions of in- 
structors who used early edition. Jd ills., 480 pp. 


THE DYNAMICS AND THERMODYNAMICS of 
COMPRESSIBLE FLUID FLOW 


Ascher H. Shapiro, Massachusetts Institute of Technology 


New—Complete single-source reference work offers a comprehensive and 
unified treatment of virtually all aspects of compressible fluid mechanics. 
Discussions based on a combination of clear physical reasoning, theoretical 
treatment, and experimental research. All important results reduced to 
chart form. Vol. I—Ready Now—635 ills., 647 pp. Vol. II—Ready Spring 
—560 ills., 600 pp. 


THE RONALD PRESS COMPANY 
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Looks from RONALD 
STRUCTURAL DESIGN in REINFORCED CONCRETE 


Clifford D. Williams, Patchen and Zi man, Engi 
and Charles E. Cutts, University of Florida 


Ready in April—Emphasizes general principles of design without detailed 
analyses of their application to complex structures. hey esa formulas 
are derived and used continuously; all problems developed from strength of 
materials concepts. Special sections on construction methods, pre-stressed 
concrete, design for ultimate stress, design of circular tanks, compression 
and bending in two directions. 218 ills., 310 pp. 


ELEMENTS of STRUCTURAL ENGINEERING 


Ernest C. Harris, Fenn College 


Ready this Spring—Shows application of principles of structural engineer- 
ing in terms of examples and problems faced by non-civil engineers. En- 
ineering principles, inherent in original design of buildings, are highlighted 
y analyzing effect of new electrical and mechanical equipment on safety. 
Includes tables of section properties, load data, symbols, and design specifica- 
tions for steel and reinforced concrete. 337 ills., 552 pp. 


ELECTRIC POWER TRANSMISSION 
The Power System in the Steady State 


John Zaborszky and Joseph W. Rittenhouse 
—both of the University of Missouri 


A Spring publication—Offers broad coverage of the steady operation of 
transmission lines and power systems, as well as the methods for studying 
such operations. Enriched throughout with discussions of recent tech- 
nological advancement. Numerical examples are used extensively to pro- 
vide better insight into the workings of a power system. Incorporates 
original research. 368 ills., 690 pp. 


STATICALLY INDETERMINATE STRUCTURES 


Paul Andersen, University of Minnesota 


This up-to-date book for courses in statically indeterminate structures 
directly associates structural analysis with structural design. Numerical 
applications of actual design problems are an integral part of the work which 
includes an entire chapter on typical design problems. Emphasizes deflec- 
tions, their importance in understanding the behavior of structures under 
load. 370 ills., 318 pp. 


HIGHWAY ENGINEERING 


L. J. Ritter, Jr., University of Florida 
R. J. Paquette, Georgia Institute of Technology 


For modern courses in highway engineering and civil engineering. This 
textbook reflects the far-reaching changes of the past two decades and fully 
covers planning, design, preparation of contracts, construction work, and 
maintenance. Stresses the use of modern equipment, highway administra- 
tion, economics and financing. 260 ills., 721 pp. 


15 East 26th Street, New York 10, N.Y. 
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CONTROL SYSTEM DYNAMICS 


By Wa ter R. Evans, Group Leader, Systems Group, Autocontrol Sec- 
tion, Electromechanical Engineering Department, North American Avia- 
tion, Inc., Downer, California. In press 


An exposition of the “Root Locus Method” invented and developed by the 
author, this new volume demonstrates the techniques for determining the re- 
sponse of linear control systems. The root locus, a tool to factor an algebraic 
polynomial is useful in analyzing the pertinent differential equations in feedback 
control systems. Developing from the simple to the complex, each solution 
establishes a concept which permits a simpler technique to be applied to the 
next, more complicated, problem. 


PROBABILITY AND INFORMATION THEORY, WITH 
APPLICATIONS TO RADAR 


By P. M. Woopwarp, Principal Scientific Officer, Telecommunications Re- 
search Establishment, Ministry of Supply, Malvern, England. Electronics 
and Waves. A Series of Monographs. 138 pages, $4.50 


This book explains in easy stages how the theory of probability applies to elec- 
tronics, communication, and particularly radar. It was prepared for the reader 
with no highly-advanced mathematical knowledge who is interested in linking 
his practical “intuition” with precise mathematical theory. 


FOUR PLACE TABLES OF TRANSCENDENTAL FUNCTIONS 
By W. F tcce, Stanford University. 136 pages, $5.00 


Published in cooperation with the Pergamon Press in England, these tables 
are for use in calculations for which the order of accuracy afforded by the slide 
rule is sufficient. Containing formulas necessary to handle the functions, the 
tables deal with trigonometric, hyperbolic, exponential, and logarithmic func- 
tions, certain of the Bessel functions, and elliptic integrals, the Fresnel integrals, 
the error function, the sine-, cosine-, and exponential-integral functions, and 
the gamma function. Values in all tables are given to four digits, and except 
for the Fresnal integrals, are in error by no more than one unit in the fourth 
digit. The numerical tables are supplemented by definitions and lists of relevant 
formulas which serve, in particular, to permit the evaluation of each function 
for arguments outside the tabulated range. 


THE COMPLEAT STRATEGYST 
By Joun D. Witttams, RAND Corporation. In press 


In a light, humorous, and easily readable style, this book covers an elementary 
explanation to the theory of games and methods for its application to problems 
involving conflict situations which resemble games. The theory is presented 
without use of anything higher than secondary school arithmetic, and worked 
out examples of its application to situations ranging from checker and card 
games to business problems and military strategy are included. 


Send for copie 


McGRAW - HILL 
t 42nd Street 


330 Wes 
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from McGRAW-HILL 
DISLOCATIONS IN CRYSTALS 
ec- By W. T. Reap, Jr., Bell Telephone Laboratories, Inc. International Series 
ja- in Pure and Applied Physics. 219 pages, $5.00 
A specialized text and reference in a very important phase of solid state physics, 
the this volume is written for physical metallurgists and physicists interested in the 
i phenomena associated with imperfections in the crystal structure. It explains 
ake what dislocations are, what they do, and how they produce effects which one 
ion can study experimentally. Emphasis is upon a systematic introductory account 
the of what is definitely known about dislocations. 
NON-FERROUS FOUNDRY METALLURGY: The Science of 
Melting and Casting Non-Ferrous Metals and Alloys 
— By A. J. Murpny, University of Birmingham, England. In press 
nics Here is a symposium published in cooperation with the Pergamon Press in 
England which sets forth the scientific principles underlying fundamentally good 
lec- practices in the foundry industry. The book replaces, with scientific principles, 
der the empirical procedures and ad hoc solutions of recurring problems which have 
Ing lingered longer in this industry than in other branches of applied metallurgy. 
Ss PHYSICS AND APPLICATION OF SECONDARY ELECTRON 
EMISSION 
bles ‘ By H. Brutnrnc, Philips Research Laboratories, Eindhoven, Netherlands. 
lide : 170 pages, $5.00 
bot The book treats the phenomenon of secondary electron emission, the emission 
als, of electrons by solid substances, resulting from the impact of electrons. Since 
and ‘ electron multiplication can be obtained, the phenomenon is most important from 
cept a technical view: the applications are of considerable significance in electron 
irth ‘ tubes for radio and television. The book is of value to communication engineers 
a i and physicists in universities and in industrial research. 
ion 
RELAXATION METHODS 
By D. N. ve G. ALLEN, Imperial College of Science and Technology in the 
University of London. 274 pages, $7.50 
tary Shows the beginner how to use the relaxation method to solve various mathe- 
ems g matical problems which arise in engineering science and applied physics. Here 
ae ; is the clearest and most valuable exposition of relaxation methods to date. 
i Emphasis is placed on explaining in detail the arithmetical processes and tech- 
niques which become automatic and instinctive to the successful computer. 
for approval 


BOOK COMPANY > 
New York 36, N. 


8 JOUR. ENG. ED.—March 1954 


PRACTICAL PLANT LAYOUT 


By RicHarp MuTHER, Management Engineer, The Vendo Company and 
formerly Massachusetts Institute of Technology. In press 


Here is a practical, hot-to-do-it guide to the elements of good plant layout and 
the specific procedures of planning sound layouts. In four parts, the book 
analyzes the fundamentals of the layout problem and shows the eight factors 
involved, then gives clear, complete directions for the practical steps of collect- 
ing data, planning the layout, and installing it. Detailed examples, case illus- 
trations, and specific techniques are given to make the book helpful to the 
production man without experience as well as to the man with it, and pointers 
are given on management’s part in achieving good plant layout. 


INTRODUCTION TO INDUSTRIAL MANAGEMENT. New 
fourth edition 


By FrankLIN E. Forts, Harvard University. In press 


In this thorough revision of a successful text the underlying goals remain 
unchanged. The primary object has been to deal with business and economic 
conditions as they exist in industry, with theory presented only as background 
for the solution of a practical situation. Text material is centered around con- 
crete business situations, the object of the presentation being to force the student 
to think in terms of cases and problems taken from actual business life. 


TIMESTUDY FOR COST CONTROL. New third edition 
By Carroit, Professional Engineer. In press 


A simple, practical manual for timestudy and control based on predetermined 
standards. In approach and treatment the work is especially suited to the needs 
of medium and small sized plants where motion study by the motion picture 
method is too costly and time-consuming. The book shows how to select men 
for timestudy work and gives step-by-step procedures right through from how 
and where to start, to the application of the data in production control, including 
such topics as analyzing timestudy results, building standard data and data 
work sheets, getting incentive performance, and maintaining correctness in 
standards. 


PUBLICITY FOR PRESTIGE AND PROFIT 


By Howarp STEPHENSON and WESLEY FISKE PRATZNER. 304 pages, $4.50 


Here is a survey and working manual of all phases of public relations, empha- 
sizing the publicity point of view, and describing in detail the techniques of 
building prestige through publicity. Easy to read, the book uses case examples 
and gives sources of publicity material and tells how to prepare it for all media. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street ~ New York 36, N. 
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COMING SOON! 
on EXPERIMENTAL STRESS ANALYSIS 


“aig by MARK B. MOORE, Rutgers University 
OUTSTANDING FEATURES: 
the @ This book is nol a handbook of stress analysis methods, but is designed to stimulat 


iters original thinking processes by the individual student. 


@ The use of mathematics is kept to a mipimum, thereby making it possible to use 
the text effectively at almost any undergraduate level. 


lew ry _~ use of laboratory experiments is coordinated with the theoretical work in the 
classroom. 


Approz. 182 pages 55%’’ 2 83%"’ 


CONSTRUCTION METHODS AND MACHINERY 


main 
omic by F. H. KELLOGG, Dean of Engineering, U. of Miss., consultant 
ound for TVA, formerly consulting engineer of dams and buildings 
con- for the governments of Punjab and Bombay 
ident This work is based on the author’s combination of experience in construction and 
experience in teaching; it ties together the fundamentals studied separately in a Civil 
Engineering curriculum and presents a quantitative treatment of their applications 
to the construction industry. 
It shows how the various fundamentals taught in Engineering schools fit in practice. 
The book presents construction methods and machinery as an analogy of production 
lanning and control in the Industrial Engineering phase of Mechanical Engineering. 
ft includes quantitative discussions of construction operations most frequently encoun- 
1ined tered in the construction industry. 
1eeds 415 pages 83%" + Published January 1954 
cture 
men 
awe DESIGN IN STRUCTURAL STEEL 
ding : by JOHN E. LOTHERS, Oklahoma A & M College 
data 7 
ss in q How to apply the latest specifications in building and bridge construction and how 
if to use the most recent methods of analysis and design is the subject of this new text. 
It features a unique “‘project’’ method of presentation. Using this procedure, several 
chapters begin by setting up the data for an illustrative problem. As the theory upon 
which the illustrative problem is based unfolds, its application is demonstrated in a 
; series of examples which refer back to the illustrative problem. 
$4.50 Chapter 8, for example, uses this “‘project’’ method to show the analysis and design 
: of an industrial building bent for wind, snow and crane loads, the 
ipha- = analysis of a crane runway girder for vertical, lateral, and longitudinal moving loads, 
es of : 454 pages + 629’ + November 1953 
nples 
edia. 


These texts are in the Prentice-Hall Civil Engineering and 
Engineering Mechanics Series, N. M. Newmark, Editor. 


Send for Your Copies Today 


PRENTICE-HALL, INC. 70 avenue, NEW YORK 11 
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ANALYTIC GEOMETRY, second Edition 


By EDWARD S. SMITH, MEYER SALKOVER, and 
HOWARD K. JUSTICE, all of the University of Cincinnati. 
Here is a text designed to develop in the beginning student the 
reasoning processes of analytic geometry. The revision offers 
a completely new set of problems and many features that add to 
the value of this well-known text. Among the changes are: a new 
article on analytical proofs of geometric theorems; clarification 
of some sections; and a 4-place table of trigonometric functions 
with angles in radians and degrees. 1954. Approx. 310 pages. 
Probably $4.50 


APPLIED ELECTRONICS, second Edition 


By TRUMAN S. GRAY, Massachusetts Institute of Technology. 
The aim in this revision has been to make the text even clearer 
for classroom work; to bring the coverage up to date; and to 
include new developments such as the transistor and its applica- 
tions. The emphasis is on clarity and reasoning and the book 
provides all the links which the experienced engineer takes for 
granted but which are often easily overlooked by the student. 
1954. Co-published with the Technology Press, M.I.T. Principles 
of Electrical Engineering Series. 882 pages. Illus. $9.00 


ELEMENTARY FLUID MECHANICS, third Edition 


By JOHN K. VENNARD, Stanford University. Improved 
organization and fresh introductory material on one dimensional 
fluid flow make the new edition even more teachable than earlier 
issues. 1954. 401 pages. Prob. $5.50. 


MECHANICS of MATERIALS, thira esition 


* By PHILIP GUSTAVE LAURSON and WILLIAM JUN- 
KIN COX, doth of Yale University. Providing a clear under- 
standing of the fundamentals on which machine and structural 
design are based the material in the new edition has been 
reorganized and largely rewritten. 1954. Approx. 419 pages. 
Prob. $5.75 


Send today for copies on approval 


See pages I! and 12 for news of other Wiley books 


JOHN WILEY & SONS, Inc. 440-4th Ave., New York 16, N.Y. 
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ENGINEERING CONTRACTS and SPECIFICATIONS 


1d Third Edition 

By ROBERT W. ABBETT, Knappen-Tippetts-Abbett- 

sd McCarthy, Engineers. The new edition of this famous work 

om retains its emphasis on how to write contracts and specifications 

” rather than on what to write. In consequence it provides the 

wl student with a permanent guide to the administration of con- 

oy struction work which is not affected by changing details of prac- 

a tice. The book is expanded by about 25% to cover new material 

a on legal principles, cost plus fixed fee contracts, insurance, bond- 
ing, and specification writing. 1954. Approx. 428 pages. Prob- 
ably $6.00. 

: LINEAR TRANSIENT ANALYSIS 

. Volume I: Lumped-Parameter Two-Terminal Networks 

1- By ERNST WEBER, Polytechnic Institute of Brooklyn. 

k Unlike the general run of texts in this field, Professor Weber’s 

or book gives equal consideration to a// methods of transient 

t. analysis. It reviews the classical method, gives a full account of 

25 the professional method, and treats the Laplace transform method 


as well as the Fourier spectrum analysis. The fundamental 
4 exposition of these methods makes the book particularly suitable 
[ for first graduate courses. 1954. Approx. 374 pages. Prob- 
ably $7.00. 


4 | AIRPLANE STRUCTURES, Volume | 


Fourth Edition 


By ALFRED S. NILES, Stanford University, and the late 
JOSEPH S. NEWELL. The full revision of this standard text 
covers recent developments and provides a solid foundation of 
theory on all aspects of airplane structural design. The coverage 
is broad enough to include fundamental or widely used procedures 


% that should be mastered as a preparation for either more 
sl advanced study or work. The text includes numerous problems 
. % which effectively buttress the explanations, and there are useful 
- 4 bibliographies and references. 1954. Approx. 610 pages. 
Probably $7.00. 


Send today for copies on approval 


See pages 10 and 12 for news of other Wiley books 


JOHN WILEY & SONS, Inc. 440-4th Ave., New York 16, N.Y. 
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Integrates graphics with other subjects in the curriculum... LC 
GRAPHICS in ENGINEERING and SCIENCE 
By A. S. LEVENS, University of California tll 
Now ready for your classes is a college-level text that fires pany 
student enthusiasm by providing a new approach to the under- pleti 
standing and use of graphics in the solution of innumerable Engi 
problems in science and engineering. The book is in three parts met 
covering orthogonal projection, technical drawing practice, and to st 
graphical practice and applications. It provides material enabling basev 
the student to integrate these topics with other subjects in the 118 
curriculum such as mathematics, mechanics, and strength of work 
materials. Clear explanations and carefully selected examples this ; 
show the most effective combination of these elements in research, Com: 
development, and design. Two companion workbooks cover a to eo 
full year’s course. 1954. Approx. 606 pages. Probably $6.00. Meet 


ELEMENTS of MECHANISM “dl 


By VENTON L. DOUGHTIE, University of Texas, and for ; 
WALTER H. JAMES, Massachusetts Institute of Technology. ie 
This. is a modern and completely up-to-date version of Peter Insti 
Schwamb’s famous textbook. All the essential elements used in intro 
the study and design of machines are covered, with emphasis on Bent 
fundamental principles. 1954. Approx. 426 pages. Probably ; a 
$6.00. = 

ofen 
WIND TUNNEL TESTING mate 
Second Edition 4 

By ALAN POPE, formerly of Georgia Institute of Technology. | | Sumr 
A new edition of this standard text, revised and expanded to _ ceded 
cover the most recent developments in nearsonic, transonic, autho 

: supersonic, and hypersonic wind-tunnel testing, as well as diver; 
- low-speed helicopter rotor testing. In addition to the new text | ginee: 
material there are many new illustrations and problems. 1954. Tw 
Approx. 525 pages. Probably $8.50. durin 
in the 
Send today for copies on approval roo 
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See pages 10 and 11 for news of other Wiley books oc 
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Do You Know— 


pm A grant of $10,000 has been re- 
ceived from the General Electrie Com- 
pany to assist the ASEE in the com- 
pletion of the project Evaluation of 
Engineering Education. The Committee 
met in Atlanta, Georgia, February 18-20 
to start preparation of the final report, 
based upon recommendations from some 
118 institutional committees which have 
worked with the Society Committee in 
this undertaking. It is expected that the 
Committee will meet once more in order 
to complete its work prior to the Annual 
Meeting in June. 


®& The National Science Foundation 
has authorized grants totaling $15,700 
for the ASEE sponsored Summer In- 
stitutes. The purpose of the Summer 
Institute program is to expedite the 
introduction into engineering education of 
new fundamental concepts in rapidly de- 
veloping fields of science and technology 
which hold great promise for the future 
of engineering. These Summer Institutes 
will clarify fundamental concepts, assess 
material as to its importance in engineer- 
ing education, and seek a logical, orderly 
pattern for teaching purposes. Each 
Summer Institute symposium will be pre- 
ceded by a work conference of leading 
authorities in the field, representing the 
divergent viewpoints of the research en- 
gineer, the scientist and the educator. 
Two Summer Institutes will be held 
during the Summer of 1954. One will be 
in the broad field of Solid State Physies 
and the other in Nuclear Science. The 
working panel on the Solid State Physies 
Conference will meet at the University 
of Illinois, and the open conference will 
be held at Carnegie Institute, June 21-25, 
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1954. The working panel for the Nuclear 
Physics Conference will be at Columbia 
University and the open conference will 
be held at Northwestern University, Sep- 
tember 7-11, 1954. Please note that ad- 
vance registration is required at both of 
the open conferences. Attendance will 
be limited to 100 people. Announcement 
of these Summer Institutes appears else- 
where in this issue of the Journal. 


B® The Society will sponsor six Sum- 
mer Schools this year, the largest number 
in its history. Most of these will be held 
either prior to or immediately after the 
Annual Meeting at the University of Il- 
linois. An announcement of the Sum- 
mer Schools and who to write to for in- 
formation can be found elsewhere in this 
issue of the Journal. If you plan to at- 
tend, please apply early since the attend- 
ance at some of these Summer Schools 
will be limited. 


®& The Fifth Annual College-Industry 
Conference, sponsored by the ASEE Di- 
vision of Relations With Industry, was 
held in Detroit, January 15-16, in co- 
operation with the Engineering Society 
of Detroit and a number of Michigan col- 
leges. Over 350 industrial leaders and 
educators heard an interesting exposition 
of the ECPD’s program “The First Five 
Years of Professional Development.” 
This program, which is in the pilot stage 
at Cincinnati under the direction of Pro- 
fessor Wandmacher, is working with in- 
dustry and engineering colleges in de- 
veloping educational programs for the 
young engineering graduate after he gets 
into industry. Engineering graduates, 
embarking upon a new career, after ex- 
periencing the unlimited horizons of a 
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college education, often find the conven- 
tionality and the restraining influences of 
industry severe deterrents to their am- 
bitions and hopes. At this stage in life, 
the continuing educational programs can 
serve to bolster the individual’s profes- 
sional growth and improve his outlook on 
life. 

Many thanks to John Gammell, Dean 
Freund, Don Hunt, and others at the 
University of Detroit, as well as Guile 
Graham of the Engineering Society of 
Detroit for the excellent job in planning 
and staging this conference. 


B® May we eall your attention to the 
proposed amendment to By-Law IV on 
dues of members, printed in this issue of 
Ballots will be mailed to 
the Society membership toward the end 
of April. 


® A technicality in the regulations re- 
lating to discharge of draftees from mili- 
tary service might prove helpful to en- 
gineering colleges which are considering 
hiring draftees for teaching or research. 
If the individual can show a contract for 
his services, he can get a discharge three 
months early (after 17 months of serv- 
ice). 


B The new President of EJC is our 
ASEE representative, Dean Thorndike 
Saville. The Secretary of ASEE will 
serve as EJC’s Chairman of the Commit- 
tee on Society Secretaries. 


B® The Annual Meeting this year is 
shaping up to be one of the most out- 
standing events in the history of ASEE. 
One of the General Sessions will be de- 
voted largely to a panel report on Evalua- 
tion of Engineering Education, followed 
by discussion from the floor. 


B The ECRC is programing an inter- 
esting General Session dealing with “Por- 
traits in Creativity.” This will include 3 
or 4 leading scientists and engineers who 
have made substantial contributions in 
creative thought. They will discuss some 


of the insights into creative thought proc- 


DO YOU KNOW— 


esses. Engineering colleges for the most 
part have emphasized analytical type of 
thinking. We know very little about 
what is involved in creative thinking or 
why some individuals have exceptional 
creative abilities, while others are com. 
pletely lacking in this trait. 


B® The ECAC is preparing an interest- 
ing General Session dealing with “Recog- 
nition and Incentives for Good Teaching,” 
in cooperation with the Committee on 
Recognition and Incentives for Good 
Teaching, the Educational Methods Di- 
vision, and the Young Engineering Teach- 
ers Committee of the Society. 


B® On Monday afternoon, a session of 
interest to all Society members will deal 
with reports on major Society projects. 
This will include brief reports and dis- 
cussions on Ethics, the Summer Institute 
program, the new Humanistic-Social Re- 
search Project, Engineering Manpower, 


Technical Institutes, Teaching Salaries, 
and other important committee projects. 


B® In previous issues, we have been 


giving you snapshot glimpses of a few| 
of the outstanding items in the Annual — 
Meeting program. Here are more which 
came in as this issue was going off to” 


press. 


The Educational Methods Division 
and Graduate Studies Division are pool 
ing forces in a conference dealing with — 


the “Integration of Graduate and Under- 
graduate Instruction” and also another 
phase of this problem, “Graduate Studies 
for Engineering Teachers.” The Educa- 
tional Methods Division will also have 4 
conference on “Educational Research ané 


Evaluation of Teaching.” The Eduea- 
tional Methods Division and the Mechani- 


eal Engineering Division are combining” 
in a program dealing with “Integrating | 


the Science and Art of Engineering ané 
Creative Design.” 


B® Mechanical Engineering has an it) 
triguing paper by Dean Tupper of Tor 


onto entitled “The Masses, Classes, ani 


dustry 
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DO YOU KNOW— 


Education.” They also have a conference 
with papers on Ethical Relations Between 
Students and Instructors as well as What 
the College Expects of the Young In- 
structor. 


p The ECRC and Relations with In- 
dustry Division are holding a Joint Con- 
ference dealing with “Industrial Spon- 
sorship of Research,” looking forward to 
expanding industrial research as a means 
of counteracting the decline in govern- 
ment research. 


p> From Engineering Drawing comes 
the interesting information of programs 
dealing with “Fundamentals, What Are 
They?,” “Graphics in an Expanding 
Scientific Age,” and “Analytic Graphics 
and Engineering Problem Solving,” and 
a dinner talk on “The Past and the Fu- 
ture” by Professor Northrup. 


® Chemical Engineering promises an 
interesting discussion program on “Chemi- 
eal Engineering Economics” as well as 
another on “Improvement of Educational 
Standards in Secondary Schools.” 


®> <A number of Divisions are meeting 
with the Physics Division on Tuesday 
afternoon to thrash out the subject of 
“Physics in Engineering Education.” 
This will include the introduction of 
modern Physies at appropriate places in 


the problems of establishing a more satis- 
factory integration of Physics and engi- 
neering at the Sophomore level. 


B® The Electrical Engineering Division 
has a conference on “The Problems of 
Training in the Use of Computing Equip- 
ment” and a Summer School on “The 
Elements of Design of Digital Control 
Circuits,” featuring a team of experts 
from the Bell Telephone Laboratory. 
The Electrical Engineering Division also 
plans to hold several conferences on “The 
Professional Scientific and Professional 
General Curricula in Power and Elec- 
tronics.” 


B® The Mathematics Division will hold 
conferences on “The Problems of Train- 
ing in the Use of Computing Equip- 
ment,” “Mathematics as a Sister Science,” 
“The Teaching of Mathematics in Engi- 
neering Schools,” “The Place of Mathe- 
matical Statistics in the Engineering Cur- 
riculum.” 


B® The foregoing is a synopsis of a few 
of about 100 conference titles. In each 
of these conferences there are many in- 
teresting papers which you will want to 
hear. We will send you a Preliminary 
Program of the Annual Meeting and reg- 
istration forms about the end of April. 
You will want to mark your calender now 
to attend the Annual Meeting at the Uni- 
versity of Illinois, June 14-18. 


B We have a number of other lively 
projects coming to the forefront which 
we will tell you about in the April and 
May issues of the Journal. Watch this 
column. 


B& We'll see you at the Annual Meeting. 
ARTHUR BRONWELL, Secretary 


Annual Meeting, University of Illinois 
June 14-18, 1954 


An expansive view over Illinois plains 
will herald for ASEE members the near- 
ness of the host institution for this year’s 
Annual Meeting. Coming closer into the 
north-central part of the state, towering 
elm trees are the distinguishing mark of 
the twin cities of Urbana and Champaign 
in which is located the main campus of 
the University of Illinois. 

Founded in 1868 as one of a group of 
colleges partially supported by the Fed- 
eral Government under the “Land-Grant 
College Act,” the University of Illinois 
began its history with three faculty mem- 
bers and fifty students. Today on its 
three campuses, it has a total enrollment 
of more than 23,000 and a teaching staff 
of 3,000. 

The center of its program, and its ad- 
ministrative offices, are on the main cam- 
pus at Urbana. Here are fourteen col- 
leges and schools offering 3,000 different 
courses to nearly 16,000 students. On 
this campus, the University of Illinois 
probably has more full-time students in 
residence than any other educational in- 
stitution in the country. 

The University’s Undergraduate Di- 
vision in Chicago is located on Navy Pier. 
This Division offers the first two years 
of college work analagous to that given 
on the main campus in engineering and 
architecture, in liberal arts and sciences, 
and in commerce and business adminis- 
tration. The engineering staff at Navy 
Pier will join those at Urbana in serving 
as hosts during the Annual Meeting. 

Chicago is also the home of the Uni- 
versity’s professional units which include 
the Colleges of Medicine, Dentistry and 
Pharmacy, and the School of Nursing. 


Frequently known as the “front door’ 
of the campus for visitors and the “con. 
munity center” for students and staff, the 
Illini Union Building will likewise be 
the center and main headquarters for the 
meeting of the ASEE June 13-19. This 
spacious colonial-style building includes 
lounges, reading rooms, dining rooms, 
cafeteria, game rooms and _ ballroom. 
Guests may be interested, as well, in 
many of the approximately ninety-four 
structures comprising the Urbana-Cham- 
paign campus. However, second to the 
Illini Union, the most prominent build- 
ing for ASEE members will probably 
be Gregory Hall. Since, like the Union, 
Gregory Hall is equipped with air con- 
ditioning, most of the main meeting 
rooms will be located in this building, 
which regularly houses the Colleges of 
Education and Journalism. The newest 
residence hall for women at the Univer- 
sity of Illinois, Lincoln Avenue Res- 
dence, will be assigned to the ASEE and 
will provide housing for many of its 
members, particularly those who bring 
their families. 

Most of those attending the meeting 
will have an opportunity to visit Robert 
Allerton Park, twenty-six miles southwest 
of Urbana-Champaign. The mansion 
house is complemented by formal and 
informal gardens, statuary and over 4 
thousand acres of rich woodland, whid 
serve as a public park. Allerton Hous 
is used regularly as a conference cente 
for the University. 

Coming or going to the Annual Meet 
ing, tourist-inclined members may bk 
interested in the Lincoln shrines arouni 


Springfield and New Salem—west of 


Urbana—or in Chicago and the Grea! 
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Lakes region northward. As one nears 
St. Louis on the west, or as one ap- 
proaches the lake country of Wisconsin 
and Minnesota on the north, one finds 
rolling terrain in strong contrast to the 


ANNUAL MEETING 355 


Illinois plains. The latter, nevertheless, 
provide an experience in themselves, and 
without a doubt have in store a weleome 
for those attending the Annual Meeting 
of 1954. 


Gregory Hall, University of Illinois, Urbana-Champaign 


Illini Union Building, University of Illinois, Urbana-Champaign 


Liberal Education in Professional Curricula* 


By VIRGIL M. HANCHER 
President, State University of Iowa 


When your President invited me to 
speak on some aspect of the relation of 
liberal education to professional educa- 
tion, it occurred to me that one aspect 
of that relationship which has received 
very little consideration or discussion, as 
far as I can determine, is the use of the 
subject matter of professional curricula 
as a basis for liberal education. 

No doubt we can start off by agreeing 
that some elements of a liberal education 
are essential to the development of the 
good citizen, and that the possession of 
those elements of liberal education by 
their graduates should be the goal of our 
state universities and of our land-grant 
colleges. 

Having said this, however, we are some- 
times at a loss to describe those elements 
in more precise language. What we mean 
is easier to recognize than to define. One 
of my distinguished predecessors at the 
State University of Iowa has said that 
a liberal education is more quickly recog- 
nized by its absence than by its presence. 
We implicitly sense the comprehensive- 
ness and breadth of knowledge, the under- 
standing and the insight which mark the 
liberally educated man. We recognize 
and value the tolerance, urbanity and 
breadth of spirit which come with a basic 
and fundamental knowledge of man, his 
society and institutions, their develop- 
ment out of the long past, and their place 
in the dynamic present. 

We expect to find in the liberally edu- 
cated man, therefore, the ability to ascer- 
tain facts and to act upon them; to know 


* Presented at Association of Land-Grant 
Colleges and Universities, Columbus, Ohio, 
November 11, 1953. 


the society of which he is a part, and how 
it came to be what it is; and to possess 
the imagination and insights necessary to 
see the direction in which society is moy- 
ing. We expect him to be able to make 
wise choices, both for the guidance of his 
personal life and for the collective deci- 
sions of the society of which he is a part. 
We expect him to know that knowledge is 
power and, even more significantly, that 
knowledge is freedom—freedom from dis- 
ease and pestilence, from superstition and 
taboo, and from the fears and terrors that 
possess the mind and touch the soul of 
uncivilized man. We expect him to know 
that this knowledge, combined with vi- 
sion and creative power, can harness the 
forces of nature and work for the estab- 
lishment of the “good” society. These, 
indeed, are the elements of a liberal edu- 
cation which our state universities and 
land-grant colleges seek to instill in their 
graduates. 


Two Obstacles 


But there are two considerable ob- 
stacles to the achievement of this goal; 
time and money. 

We must always be concerned with the 
time required in the educational process. 
Are we doing all that we should in the 
time allotted? Could we do as much 
work of equal quality in less time? These 
are questions we must always keep be- 


fore us. Our curricular patterns must : 
We must decide 
between those things which can be learned © 


be selective and basic. 


best and most economically in college and 
those which can be learned best and most 
economically outside: The demands on 


the time of youth are becoming very great 
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LIBERAL EDUCATION IN PROFESSIONAL CURRICULA 


in many lines. As long as military serv- 
ice continues, a medical student can 
hardly hope to enter civilian practice in 
less than nine years after graduation from 
high school. If he becomes a specialist, 
it may be fourteen. This gives an age 
range from twenty-seven to thirty-two. 
Deferred marriages or burdensome family 
obligations while studying are socially un- 
desirable. Early marriages and child 
bearing are more fashionable than they 
once were; but they are difficult under 
present curricular patterns. Demand for 
highly trained and liberally educated pro- 
fessional and specialized personnel is very 
great, and it will increase. How can we 
meet the demand without unduly pre- 
empting the student’s productive years? 

We must also be concerned about the 
cost of education—cost to the student and 
cost to the institution. Each year added 
to the curriculum means a cost to the 
student of one thousand to twenty-five 
hundred dollars. It means added capital 
plant and faculty and facilities for the in- 
stitution. The economic load will be very 
heavy. It is the misfortune of our genera- 
tion and the one immediately following to 
be caught with a double burden. We face 
the prospect of an adult retired popula- 
tion greater than our country has ever 
known before and an infant and adoles- 
cent population seventy-five per cent 
greater than it was a decade ago. With 
our facilities strained to meet the inescap- 
able need, we shall find it dangerous to 
engage in wasteful and unnecessary dupli- 
cation. We must put aside the wasteful 
competitive and duplicating efforts which 
have been a disgrace to American higher 
education during the last decade and 
which have done as much as any single 
thing to bring it into public disrepute 
and to give aid and comfort to those who 
oppose and may even hate us. 

Can we provide truly liberal and truly 
effective professional education more eco- 
nomical of time and money than we have 
done in the past? It is this possibility 
which I wish to explore with you today. 
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Complex Pattern 


Our pattern of higher education in this 
country is exceedingly complex. We pos- 
sess many kinds of institutions minister- 
ing to many kinds of people having many 
kinds of needs. No doubt each of them 
has its contribution to make. Perhaps 
no one of them has the complete answer 
to all our needs. Of these many types of 
institutions of higher learning, two are 
peculiarly indigenous to the American 
scene; the land-grant college of agricul- 
ture and mechanic arts and the four-year 
college of liberal arts. One is the product 
of legislation. The other is the product 
of slow growth and development. Each 
arose to meet a well defined need of our 
society. 

Section 4 of the Land Grant Act (Mor- 
rill Act) of July 2, 1862, provides for the 
establishment of colleges: 


where the leading object shall be, without ex- 
cluding other scientific and classical studies 
and including military tacties, to teach such 
branches of learning as are related to agri- 
culture and the mechanic arts in such man- 
ner as the legislatures of the States may 
respectively prescribe, in order to promote 
the liberal and practical education of the 
industrial classes in the several pursuits and 
professions in life. 


It seems fair to say that the institutions 
contemplated by this act were brought 
into being to provide increased knowledge 
and skill for those who, at the time, were 
generally deprived of access to the col- 
leges and universities of the day or who, 
because of their interest in agriculture and 
the mechanic arts, did not find in those 
institutions the subject matter which they 
eared to study. 

We all know how the land-grant in- 
stitutions have revolutionized American 
agriculture and have greatly affected pro- 
gressive agriculture in all parts of the 
world. I had ample testimony to their 
worth and greatness this summer when I 
had the good fortune to be the guest of the 
University of Bristol (England) on the 
occasion of the celebration of the fiftieth 
anniversary of the founding of the Long 


> 
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Ashton Research Station, now affiliated 
with that University. There many of the 
leaders of agriculture in Britain and the 
Commonwealth paid their high respects 
to the pre-eminence of American agricul- 
tural teaching, research and extension. 

By the circumstances of their creation, 
the land-grant colleges were born free of 
the customs and curricular patterns of 
traditional colleges of liberal arts and 
traditional universities. They possessed a 
unique opportunity to develop new ap- 
proaches to liberal and professional edu- 
eation. But, notwithstanding their excel- 
lent work in agriculture, have they fully 
realized the total opportunity that lay 
before them? 

The Morrill Act provided that the lead- 
ing object of the land-grant colleges shall 
be: 


. .. to teach such branches of learning as 
are related to agriculture and the mechanic 
arts . . . in order to promote the liberal and 
practical education of the industrial classes 
in the several pursuits and professions of 
life. 


While the Act does not exclude the teach- 
ing of traditional scientific and classical 
studies, it clearly contemplates that a 
liberal education may be obtained without 
them. It would seem logical to suppose, 
therefore, that the drafters of the Morrill 
Act contemplated that liberal education 
might be accomplished by teaching the 
subject matter of ‘agriculture and the 
mechanic arts in a manner designed to 
produce both a technical and liberal edu- 
cation. But it appears that the develop- 
ment did not take place in this way. Per- 
haps the way was too uncharted, perhaps 
the weight of tradition was too great, per- 
haps the ease of another course was too 
beguiling for those who, three-quarters of 
a century ago, were the pioneers in the 
land-grant college movement. In any 


case, it appears that in meeting the need 
for that liberal and practical education, 
mentioned by the Morrill Act, the land- 
grant colleges found it more acceptable 
to introduce traditional courses from the 
liberal arts colleges or to establish what 
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were in effect schools or colleges of liberal 
arts within their institutions. They did 
not, as far as I can discover, develop a 
new or different concept of how liberal 
education can be achieved. 

To amplify this point, let us now tum 
to that other peculiarly indigenous Amer. 
ican institution, the four-year college of 
liberal arts. 


An American Institution 


The four-year college of liberal arts, 
whether independent or university con- 
nected, is a peculiarly American institu- 
tion. 
or Europe or elsewhere outside the United 
States except where it has been estab- 
lished by Americans or other persons hav- 
ing before them the model of the college 
of liberal arts as it developed in this 
country. Perhaps the closest approxima- 
tion to the four-year liberal arts college 
in Britain is the newly established Uni- 
versity College of North Staffordshire in 
the English Midlands. 

I mention the establishment of this par- 


ticular institution and the absence of other | 


similar institutions in Western Europe, 
because we in the United States talk and 
act as though the maintenance of the 


great traditions of liberal education in the _ 
Western world are somehow dependent — 
exclusively upon the four-year college of | 
liberal arts as it has developed in this _ 


country. In doing so, however, we over- 
look the fact that the great liberal tradi- 
tions, of which Western Europe has been 
the custodian for many centuries, have 
been handed down to us through educa 
tional institutions and educational systems 
which contain no colleges of liberal arts 


in the sense in which we know them | 
These great liberal traditions have beet” 
maintained and handed on, in the field © 
of higher education, through universities” histori 
and technological institutions which have” 
taught, in a liberal fashion and in a lib| 


eral tradition, subject matter which other 
wise would have become purely techniedl 
or professional. 


It is not to be found in Britain | 
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LIBERAL EDUCATION IN PROFESSIONAL CURRICULA 


To say this is not to minimize the im- 
portance of the colleges of liberal arts in 
this country. They have performed, and 
will continue to perform, an indispensable 
service for our people. But because they 
are so much a part of our life and tradi- 
tion, we forget that other nations have 
carried on the tradition of liberal educa- 
tion without them. We forget that it is 
possible to become liberally educated by 
the teaching and study of professional or 
specialized subjects in a liberal manner. 

I venture to put this proposition before 
you with great confidence because I have 
seen it done. I am a lawyer by profes- 
sion, and I was an active practitioner for 
sixteen years. I hold degrees in law from 
Oxford University and the State Univer- 
sity of Iowa. Law is one of the major 
professions and an exceedingly technical 
one. That the study and practice of law 
are, or can be, highly specialized pursuits 
would seem to be propositions that would 
require little argument. Whether or not a 
gift is made in contemplation of death, 
whether or not a remainder is vested or 
contingent, whether or not the rule against 
perpetuities applies to a bequest or a de- 
vise, are questions of the utmost tech- 
nicality. It would normally be thought 
that the study of such questions or that 
the study of law could hardly be any- 
thing but a narrow, technical and pro- 
fessional pursuit. Nevertheless, during 
the years 1920-1922, I read law in the 
School of Jurisprudence at Oxford Uni- 
versity, and in my judgment, the study of 
law in those years was as certain a means 
of becoming liberally educated as the pur- 
suit of any academic major in any college 
of liberal arts in this country either at 
that time or since. It not only embraced 
the principles underlying the modern law 


the field) °f Contracts, torts, real property and 
cnivensilll « other basie subjects, but it also traced the 
which have | 


d in a lib! 


historical and political development of 
English law and legal institutions from 
the time of the Norman Conquest to the 


| present day. Further, it provided the stu- 


dent with a perspective on the vast legal 
development of the Roman world from the 
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time of the Twelve Tables to the Code 
of Justinian, a broad sweep of almost 
a thousand years. Certainly such educa- 
tion is designed to stir the imagination 
and to open the windows of the mind. 


Liberal Emphasis 


Is there any reason why engineering 
and agriculture, architecture and phar- 
macy cannot be taught with the same lib- 
eral emphasis and the same liberal point 
of view that I found in the teaching of 
law in the Oxford School of Jurispru- 
dence three decades ago? 

It seems to me that a negative answer 
must be made to this question. However, 
lest you think that I am oversimplifying 
this proposition and basing it too com- 
pletely on my limited experience, let me 
turn for an example to the field of engi- 
neering and particularly to the subject of 
engineering drawing. Not being an engi- 
neer, I would suppose that this subject 
could be excruicatingly dull unless it were 
taught with the purpose and techniques 
requisite to stir the student’s imagination. 
The late Professor French, of Ohio State 
University, gave testimony to its cultural 
value by pointing out that apart from its 
practical utility, it can be used to develop 
“constructive imagination, the perceptive 
ability to think in three dimensions, to 
visualize quickly and accurately” and “to 
build up a clear mental image.” And I 
am indebted to a life-long teacher of engi- 
neering drawing for the proposition that 
the subject can be taught in relation to the 
broader interests of our time and as a 
medium for the acquisition of a liberal 
education. 

Engineering drawing, properly under- 
stood, is a method of communication—a 
method which can and does transcend na- 
tional barriers and becomes international 
in scope. Mathematics is a method of 
communication by symbols, printing by 
signs, speech by sounds, engineering 
drawing by lines. Thus engineering 
drawing, treated imaginatively, becomes a 
part of the total problem of effective com- 
munication. 


| 
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I am aware that much time has been 
spent on engineering curricula and that 
there have been argument and debate on 
the introduction of political science, his- 
tory, economics and many other subjects 
into the engineering curriculum. But, 
bearing in mind that the time engineering 
students can spend in college is limited 
and that the pressure for inclusion of 
additional technical subject matter is very 
great, has anyone considered how the nor- 
mal subject matter of engineering can 
lead to the civilizations of the Nile and 
of the Tigris and Euphrates, to the con- 
struction of the temple to Jupiter at Baal- 
bek, or of the Parthenon at Athens or of 
the Colosseum at Rome? Surely engi- 
neering drawing is not unrelated to ethics 
or logic, or to economies, or to the graphic 
and plastic arts, or to the temples which 
have housed the great religions of man- 
kind. Engineering drawing can be taught 
with deadly dullness or it can be taught 
so that it will open the windows of the 
mind. Let the contribution of the teacher 
of engineering drawing, as my friend so 
well put it, “be like flashes of light stab- 
bing through the dark areas over and 
above and beyond his subject matter, il- 
luminating for one bright moment vague 
spots in the engineering educational 
shadows.” + 


Doubtful Proposition 


While in general I would support the 
proposition that there are some things 
which every liberally educated man should 
know, I fear that we have been led into 
error sometimes by believing that the 
study of certain subject matter inevitably 
results in a liberal education. This is a 
doubtful proposition. It is nearer the 
truth to say that there is no subject mat- 
ter, worthy of a place in the curriculum 
of a modern land-grant college or state 
university, which cannot be taught either 
as a professional speciality or as a liberal 
subject. 


1 Higbee, Journal of Engineering Draw- 
ing, Vol. 12, series 34, Feb., 1948; p. 8, at 
p. 24, 
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For example, there is no specific ef- 


ficacy, for one seeking a liberal education, | 
in a knowledge of the declension of Latin | 


nouns or the conjugation of Latin verbs, 
One who learns a foreign language for 


the purpose of purchasing a ticket on an | 
airplane or ordering a meal in a restua- | 


rant or in order to sell more automobiles 


or hats or shoes is probably not studying | 


it in the spirit of liberal education. On 
the other hand, one who studies it and its 
literature in order that he may have his 


eyes opened to the nature and extent of | 


a new civilization different from his om 


is in process of obtaining a liberal educa- | 


tion. I have long thought that the gen- 
eral principles of the law of evidence 
should be mastered by every graduate of 
an institution of higher learning. It has 
implications and value far beyond its 
technical significance to the lawyer. 
Mathematics is an international language, 
It can be taught as an intellectual exer. 
cise, completely divorced from all social 
significance or reality. Or it may lead to 
the land measurements of the Egyptians, 
the construction of the Pyramids, or the} 
dimensions of the solar system. Knowl) 
edge may be so departmentalized that 
chemistry can be taught in courses i 
chemistry and English composition bh” 
taught in courses in composition so that 
never the twain shall meet. Or chemistry : 
may be taught so that every teacher o 
chemistry is also a teacher of English 
speech and composition, just as every 
teacher in every subject should be. He 
should possess a mastery of the funds 
mentals of the language and should po 
sess and be able to induce in others} 
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sense of style, for, as Whitehead says) 
“Style is the ultimate morality of mind’) 
I have dwelt on this point at som) 
length because of the apparently errone) 
ous belief that land-grant colleges mus) 
duplicate the work of liberal arts 2 
stitutions in order to provide their st 
dents with that attitude toward life whid) 
we believe to be characteristic of th) 
liberally educated man. What seems ti) 
be completely overlooked is the possibility 
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of teaching professional and_ technical 
subjects in a liberal manner, in other 
words, providing for a liberal education in 
professional curricula. 

Each of us has had the experience of 
finding subject matter come alive because 
of the presence of a great teacher. We 
know that the influence of the teacher is 
determined not by his subject matter but 
by his handling of it. Otherwise the 
greatest teachers would all be in one field. 
But we know this to be contrary to fact. 


Opening Vistas 

What we need in our land-grant col- 
leges and universities and institutions of 
technology are teachers of professional 
and specialized subjects who see their 
subject matter in relation to the whole 
field of modern learning and modern 
civilization. In an institution possessing 
such teachers and likewise possessing an 
imaginative and intelligent student body, 
liberal education is bound to oceur, 
whether the subject is contracts or clas- 
sies, physics or politics, anatomy or art, 
soils or sociology, history or hydraulics. 
To use words which may have become 
slightly shopworn and overworked in re- 
cent years, we need teachers who teach 
with a sense of the “infinite and urgent.” 
We need teachers who see their subject 
matter not only as a means for developing 
techniques and skills, vitally important as 
these are, but also as the means for open- 
ing vistas which will challenge and inspire 
the student’s imagination. 

The land-grant institutions, having been 
created free of the habits and traditions 
of the past, have an unequalled opportu- 
nity to explore and develop the possibil- 
ities of liberal education in their profes- 
sional subject matter. It is not a legiti- 
mate objection to say that the curriculum 
is too full and that there is no time for 
this kind of education. True enough we 


hear that the subject matter of each pro- 
fessional field is increasing, and, there- 
fore, that the curriculum must be length- 
ened. This rests on the fallacy that every- 


361 


thing must be taught. Yet what a fallacy 
that is! No lawyer ever learned all the 
law he practices in the school or college 
in which he studied. The same is true of 
the doctor, the farmer, the engineer, the 
journalist and of every professional man. 
No institution dares demand the time 
necessary to teach its students all there is 
to know. It is the responsibility of the 
institution, perhaps its most important 
responsibility, to determine what is funda- 
mental, to teach that which is fundamen- 
tal, and then to put the student on his 
own. We need to review our curricula 
often. We need to view them with a prac- 
ticed eye and to re-evaluate and eliminate 
and consolidate until we have only the 
fundamentals remaining. What we teach 
should be basic. It ought to lead the stu- 
dent out to those things which he can 
learn for himself, and it should be taught 
with that imagination and vision, that 
liberality of mind and spirit, necessary to 
assure that what the student learns will 
be learned in relation to the whole com- 
plex of modern knowledge and modern 
civilization. 


Widened Horizons 


If this can be done, thousands of young 
men and women who otherwise might be- 
come merely narrow technicians will be- 
come not only able and effective citizens, 
but even their professional competence 
will be heightened, because their eyes have 
been opened and their horizons widened 
to things far beyond their childhood gaze. 
And because we have taught them imagi- 
natively, they will be stimulated to be stu- 
dents as long as they live. 

If this can be done in your institutions 
and in ours, we shall have succeeded in 
creating a new form of American educa- 
tion, a form both liberal and competent, 
complete and economical, and, therefore, 
admirably adapted to serve the needs of 
students, of our institutions and of society 
as a whole. 

In my judgment, this possibility is the 
most challenging one which has come to 
American education in many years. 
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It Is Time for the Laymen to Come In* 


By J. F. CALVERT 


Professor and Chairman, Department of Electrical Engineering, Northwestern University 


Introduction 


The Chairman of the Humanistic-Social 
Division has asked me to speak in rela- 
tion to the abilities and work methods re- 
quired for the solution of new and un- 
familiar engineering problems. 

I imagine that many have wondered 
why, of all living creatures, man has been 
so singularly and bountifully endowed 
with problems. Although the situation 
remains inescapable, what to do about it 
has led to quite interesting speculations. 
It is common practice nowadays to ascribe 
our chief difficulties to the fact that 
scientific and engineering advances have 
outrun our abilities to use them. One 
ingenious theory undertakes to get rid 
of our responsibilities in the dilemma 
by simply restating the problem. The 
theory credits our ills to the machine 
age. The idea possesses an interesting 
genealogy for, while in the middle ages 
it was popular to assign the evils of the 
world to the work of the devil, modern 
writers have managed to endow “the ma- 
chine” with a personality and to then 
make it their whipping boy. The ap- 
peals are similar, and equally satisfying, 
since each presents something with the 
likeness of a human being which the ma- 
jority may decry. However, to replace 
a personality of doubtful existence by 
simple physical equipment, bears all the 
earmarks of a modern miracle and, oddly 
enough, places upon its authors a certain 
responsibility for technological unem- 


ployment. 
* Presented before the Humanistic-Social 


Conference, Annual Meeting of A.S.E.E., 
University of Florida, June, 1953. 


We can abandon this approach, for in | 
education we have one which enjoys even | 
greater popularity. Stripped of academic | 


adornment, it says: If we have more study 
in the humanities relative to the amount 
in science, we may expect a better world 
to live in. I take the liberty of passing 


along two illustrations from several which | 


were summarized in a recent paper by 
Rhodes R. Stabley, published in the Bulle- 
tin of the A.A.U.P. 

In the words of Mr. Stabley one promi- 
nent educator “held that a liberal arts 
program with its stress on human under- 
standing and with a positive approach to 
essential values, is of greatest importance 
to society.” And from the same paper! 
learned that the president of a _ well 
known university contends that students 
with a good liberal arts education are 
“the least likely to become associated with 
communism.” 

There have been many expressions of 
faith like these and, though occasionally 
vague, it is quite clear that we all believe 
in them. The liberal arts faculties ask 


us for more time, and we in engineering | 


work busily on curricula to see that this 


is accomplished. There is the implication | P°SS!! 
princi 
But, we have had pilot plants going for |) 2°¢?S: 


of success if only we apply the formula 


many decades; should we ask how they 
are getting on? Do we really find that 
morality and high purpose among college 
graduates can be measured by the relative 
number of college hours expended in one 
area as compared to those in another? 


Then there are the scientists, pure and | 


applied. Many of us feel that our brands 
of education must afford the best prep- 
aration for life in this technological age. 
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IT IS TIME FOR THE LAYMEN TO COME IN 


I shall refrain from quoting any of our 
people because I live among them, and 
so far have liked it. Besides I cannot re- 
call how many times I’ve said: “Now, let 
us talk about an engineering stem for the 
liberal arts program.” So there still ex- 
ists in my mind a slight gnawing fear 
that even we could appear a little self- 
satisfied, at least to the uninitiated. 

After what I’ve said thus far, I trust 
that the ideas yet to be expressed in this 


ary. Now one may be led to suspect that 
since in all education we seek to know 
the truth as we are enabled to see it, our 
approaches may have something in com- 
mon. In consequence, there may be un- 
earned increments, carry-overs into areas 
for which the methods were not really 
designed. 

I want to suggest that, at least for 
the engineer’s training, something further 
might be gained were greater efforts made 
to relate historic truths and the recogni- 
tion of values to rather specific present 
day problems. I think it not inconsistent 
with gaining understanding to have our 
engineering students given more practice 
in distinguishing, stating, and attempting 
to propose solutions for problems in the 
broader areas of their future work. It 


mind when he established the theme for 
this meeting. I plan, now, to say some- 


for technical engineering work and then 
to conclude with a few remarks on the 
possible applications of somewhat similar 
principles to the training of future engi- 


professional careers. 


| Problem-Solving in the More Technical 


Areas of Engineering 


This discussion of engineering problem- 
solving will be divided, for clarity, into 
four sequential parts. Actually, an engi- 
| heer is rarely able to work through a 
problem in such an orderly fashion. In- 
deed, he may travel back and forth many 
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times from one phase to another before he 
achieves a solution. Nevertheless, just as 
it is helpful to the engineer, so it may be 
to those of you interested in his work, to 
have a brief, if somewhat idealized, de- 
lineation of his more creative activities. 


Discovery of a Human Need 


All problems seem to stem from the dis- 
covery of a human need or want. At first 
the need may be expressed, or even unex- 
pressed and, if the latter, evidenced only 
by a state of discontent. Not surfeited 
by problems which are thrust upon us, 
a certain number of engineers intrigue 
themselves with potential needs, which 
appear largely through the imagination. 
A man thinks, “If only I could produce 
thus and so, people would like it; I could 
be in a new and, perhaps, more reward- 
ing business.” If a want can be satisfied 
entirely, or in part, by the application of 
knowledge of the physical sciences, it be- 
comes an engineering problem. In our 
country we usually approve of this sort 
of activity and certainly many enjoy it. 

However, it is a fact that the engineer 
often fails to recognize even the actual 
existence of a need, not to mention those 
which exist potentially. The reasons are 
not too surprising. In college he has 
learned how to solve problems which the 
teachers or the texts brought to him. 
Rarely, if ever, did he have to find one on 
his own. But there are ways around this. 
Human needs can even be organized into 
groupings and the student can define a 
specific problem. Without trying to pro- 
duce a logical table of these needs, there 
come to mind—the preservation of life, 
safety, transportation, communication, the 
reduction of physical labor, the economic 
use of materials, the preservation of re- 
sources, and also the development of 
recreation and amusement facilities. In 
going concerns, such as the telephone 
business, there are groups of engineers as- 
signed the task of working eight hours a 
day with the business as they expect it to 
be three to five years hence. Colleges 
provide little practice for this sort of or- 


| | | 
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ganized thinking and almost none for 
those men who may contribute substan- 
tially to the creation of a new form of 
endeavor. On this basis, it might be de- 
sirable were we more concerned with de- 
veloping the student’s sensitivity to such 
existent and potential needs. To _be- 
come most effective the engineer’s training 
might give more directed practice in ob- 
serving social and physical surroundings, 
practice in listening and evaluating, and 
practice in listing observations for further 
study. 
Statement of the Problem 


Having become convinced, though not 
necessarily by a completely logical proe- 
ess, that a legitimate problem exists, the 
obvious next step for the engineer is to 
get it stated clearly. This might be done 
in one of several ways, but a representa- 
tive form was suggested to me by the 
late Dr. Robert H. Seashore, Psychologist 
at Northwestern University: 
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solution after the problem has been stated 
in accord with these three main items, but 
before all measures for relative evalua- 
tions have been established. 


The Synthesis of Potential Solutions 


The teaching of science and of engineer. 
ing relies to a large extent upon analy- 
sis (quite mathematical in character) for 
both generalization and for demonstra- 
tion. At this point two simple definitions 
may be helpful. Let us say that a “basic 
fact,” or “law,” is a concept we can us 
more often than some other relation, and 
that mathematical-like statements are ones 
phrased in a language which can he 
employed without ambiguity. We lum 
these together under the term “funda- 
mentals” and emphasize their use in all 
scientific education; in fact, their manipu- 
lation forms a large part of the “scientific 
method.” At times, one detects reverence, 
even mysticism, in the use of these terms; 


(a) The object is to design: ......... 
And here the engineer must state what it 


(b) In order to overcome the follow- 


+ 


(c) In such a way that the following 
specified aims will be achieved: 


pletely as possible and attempt to indi- 
cate relative importance. 


tok here he must set them forth as com- 


And here, too, he must set forth items 
showing, perhaps, necessary minimum re- 
quirements below which he should not go, 
and maximum values beyond which no 
‘appreciable advantage is to be gained. 
A grading procedure is desirable for com- 
paring alternative solutions (when dis- 


The engineer should not expect to ad- 
vance in one leap from the recognition 
of a human want in nebulous terms to 
such an accurate statement of the prob- 
lem, but he should strive for such a state- 
ment with minimum delay, even though 
planning to hold his initial definitions as 
tentative. Quite often it is practicable 
for him to start the search for an actual 


covered) which fall within these bounds. 


but, I believe that in both scientific and 


engineering education, while we empha 7 
size facts and techniques of analysis, we” 
actually have produced only a few pro | 


cedures (some of which are mentioned it 


this paper) for developing a sort of wis | 


dom in the use of these teachings. To4 


large extent, we simply trust that from 
experience in research or engineerilg | 
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practice, this wisdom will grow in a some- 
what undefined manner. 

In engineering we know that truly new 
products and/or organizational procedures 
are not often born as the result of pure 
analysis, but are synthesized by bold 
thinking—first in qualitative terms where 
they are painted in sweeping strokes with 
a broad brush. Sikorski speaks of in- 
tuition as the “forerunner of knowledge,” 
which tells of the correctness of things 
that later may be proven by observation 
and analysis. Synthesis stems from the 
imagination, a series of forms, colors, 
sounds or images appearing within the 
mind, and intuition is that sense of cor- 
rectness which alerts you for a conscious 
check. The check itself may be either pre- 
liminary and not entirely conclusive, or 
it may be carried out by the stern proc- 
esses of analysis. The search for a solu- 
tion ealls for quick tentative uncertain 
probings, and only the accurate check is 
in accord with flawless logic. Creative 
work in engineering. calls not only for a 
knowledge of science and industry, but 
also for the spirit of art; yet there are 
definable abilities and work methods which 
can be useful in the initial stages of prob- 
lem-solving, and which a man can de- 
velop through practice. 

Two of the special abilities we might 
eall idea fluency and originality. Idea 
fluency could be defined as a quantitative 
concept, concerned both with the recogni- 
tion of problems needing solution and 
with the proposal of numerous possible 
procedures for the solution; while origi- 
nality could be regarded as qualitative 
concept, the ability to produce ideas which 
are uncommon, clever, or remote from the 
traditional. 

First among the work methods is that 
of converting the statement of the prob- 
lem from one goal to a sequence or group 
of sub-goals, where, if each is attained, 
the whole or single major objective will 
be achieved. There comes a rather long 
“soaking in” process in which one gathers 
facts and hunches (appropriately tagged), 
and then lives with these day and night 
—always with the main and tentative sub- 
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goals in view. Library searches bring to 
mind well defined procedures, but there is 
an art in asking pertinent questions of ex- 
perts and then actually using the answers 
in research. Today this art is largely self- 
taught. 


Conference Approach 


There is at least one conference ap- 
proach which should be mentioned. In 
the past, it has seemed to me that the 
chief and often fatal drawback of many 
group discussions was that members of a 
committee not only could but would “shoot 
full of holes” almost any newborn idea 
before it had time to get its legs under 
it. A procedure for avoiding this dif- 
ficulty, recently brought to my attention 
by Frank R. Benedict of the Westing- 
house Electric Corporation, bears a mild 
resemblance to the game laws. It is 
agreed at the start of a meeting, and 
then strictly adhered to, that for a time 
no man may enter a destructive re- 
mark. No one speaks except to get 
onto the blackboard a possible method 
of solving the problem. An optimistic or 
enthusiastic outlook is encouraged. This 
is continued until all suggestions seem to 
have been extracted from the group. 
After this idea stage has served its pur- 
pose a classification of the possibilities 
is undertaken, but, again, without de- 
structive criticism. Next, the relative 
evaluation of ideas, is undertaken, but 
still with some spirit of forebearance. In 
the final stages, however, at this or a sub- 
sequent meeting, the cold hard restrictions 
are firmly introduced to eliminate the 
unpromising proposals and, in fact, to 
choose that or those upon which action 
will be taken. 

As the work proceeds sub-goals must be 
rearranged, modified, discarded, and re- 
placed as one checks for matches and mis- 
matches between tentative solutions and 
the written sub-goals, main goal and hu- 
man want. This calls for the develop- 


ment of another ability which might be 
ealled mental flexibility. It involves both 
the willingness and the ability to change 
“set,” or viewpoint, or the mental picture 
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of the procedure to be used. It is ob- 
jectivity but with the idea of observation 
followed by action. 

One standard procedure employed in 
the solution of physical problems is to 
attempt the replacement of the original 
situation by a much simplified version, 
or model, which the investigator believes 
will act in a manner similar to reality. 
To be useful, the fiction introduced should 
be one which will yield a solution, and it 
should be one onto which the engineer can 
add complexities as he becomes better able 
to achieve solutions. His purpose is to 
construct and solve successively more in- 
volved models which progressively take on 
greater and greater resemblance to the 
real or originally assumed physical situa- 
tion. 

All such efforts in creative work or 
problem solving are hard and decidedly 
wearing. They always engender fatigue; 
often exhaustion and a sense of utter frus- 
tration. There results a loss of mental 
power, verve and flexibility. The engi- 
neer must not only recognize the symp- 
toms in his own behavior, but should de- 
velop for himself his own ways of mini- 
mizing the duration of the ensuing periods 
of relative uselessness for the job at hand. 
He must devise ways to regain strength, 
enthusiasm and flexibility. 

Finally, let us suppose that the engi- 
neer finds one or more potential solu- 
tions to his main or original goal. If he 
has found more than one, he must weigh 
their relative merits. Sometimes he is 
forced to carry along two or more de- 
velopments, but this is a costly procedure 
in the use of manpower, and usually of 
material. Hence, as early as possible, he 
must devise ways of testing one procedure 
against another. Often both long and 
short term aspects of his problem are to 
be considered. He asks such questions as: 
How will this affect sales or labor or 
financial policy this year and five or ten 
years from now? On problems of very 
broad implication he may be the one who 
must ask, “How will this affect, in a 
given region of the country, income, the 
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preservation of natural resources, or gen- 
eral human welfare?” 


The Selling Problem 


Throughout any development, as well 
as at the end, the engineer must sell, and 
sell, and sell. He must secure funds, 
quiet the skeptics and faint of heart, en- 
thuse personnel, gain time, persuade ven- 


dors of materials to speed lagging de. } 


liveries, secure compromises between con- 
flicting opinions within his own group 
without watering down the ultimate goal; 
and, at all times, he must keep the job 
moving. Then, oddly enough, to be sue- 
cessful he must seek general acceptance 
of the finally created result. 


Training for Problem-Solving in the Less 
Technical Areas of Engineering 


Engineering is dependent upon study 
in many areas: mathematics, physics, 
chemistry, business economics, English; 
and, I may add, very appreciably upon a 
continuing study in the humanities, ex- 
tending over many years. But engineer- 
ing is no single one of these. American 
industries are dependent upon materials, 


trained workers, economies, scientific dis- > 
covery, and the law. But, American in- | 
dustries as we know them today, par- 


ticularly in the durable goods areas, would 
not exist on the basis of these alone. 
These industries were planned and put 
together by engineers. In consequence, 
engineers in swelling numbers are as 
suming the rolls of both major and minor 
executives. It is reasonable to expect 
that in the future they will be consulted 


in increasing numbers in relation to gov- 7 


ernment and world affairs where their 
particular planning skills and experience 
can be of value. Potentially, these are the 
kinds of men whose growth we are try- 
ing to influence through their college ex- 
periences. 

It is well recognized that the engi- 


neer must prepare for problem-solving 


many areas considerably removed from 
the purely technical. It has been get- 
erally assumed that some exposure to the 
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conventional courses in the humanities 
would provide this needed preparation. 
It is considered self-evident that such ex- 
perience affords an opportunity for de- 
veloping a richer intellectual life by pro- 
viding access to knowledge and a desire 
to know more of man and of the universe 
which he is privileged to see. Also, it 
has been tacitly assumed by many that 
such educational experience has been close 
to the best possible for preparing a man 
to take appropriate action in the affairs 
of his adult life. But, by itself, the latter 
assumption seems not too conducive to 
changes in educational methods and, in 
consequence, may inhibit potential im- 
provements. So, at least for the pur- 
poses of this discussion, I shall contend 
that to blindly apply this latter belief to 
the future of engineering education, cer- 
tainly would represent an unwarranted 
assumption of faith in the status quo. It 
might better be said to represent an im- 
proper continuation of time-honored shib- 
boleths passed along by the static minded 
educators of the past. 

Along with most in engineering and 
science, I believe that abilities for prob- 
lem solving are developed through doing. 
A little may be learned of this through 


_ reading and observation, but much more 


through practice. We need to ask now: 
What are the obstacles to a further de- 
velopment of these needed educational 
experiences ? 

First, let me record a few observations. 
From time to time I have asked colleagues 
from various parts of the campus what 
they thought of the following as repre- 
sentative of subjects for doctors’ dis- 
sertations : 


(1) A discovery in the physical sci- 
ences. 

(2) An invention or all new design in 
engineering, 

(3) A novel. 

(4) A musical composition. 

(5) A painting. 


Each presents possibilities for truly 
creative work, yet the foregoing are ar- 
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ranged in what has appeared to be the 
decreasing order of acceptibility. Rather 
scholarly explanations were advanced by 
some; other wondered if there were not 
just two really important reasons: the 
decreasing possibility for gauging results 
coupled with a genuine and, in our times, 
a particularly commendable desire to 
avoid the bizarre. 


Related Observations 


There seem to be related observations. 
One gains the impression of growing 
trends in many areas of study toward the 
collection of facts, the employment of 
statistical-like procedures, emphasis on 
minute detail, and the constant employ- 
ment of analysis for refinement. All are 
necessary, and in certain areas, such as 
the social sciences, perhaps these are par- 
ticularly desirable as means for “quan- 
tizing” hitherto qualitative information. 
Perhaps the danger today is not that we 
fail to do enough of a scientific nature, 
but that in evaluating research we fail to 
distinguish facts and techniques from 
ereative work. Surely, the standards we 
set for our research affect our under- 
graduate teaching. I suspect, in conse- 
quence, we may tend to teach what we can 
measure and are a little too pleased wher 
it comes back neatly packaged in punch 
boards, blue books, and term papers none 
the worse for wear. Whether we teach a 
fundamental law of physics, a manual 
skill, the appropriate substitution in a 
differential equation, or accepted forms 
for written English, perhaps we should 
recognize that, while once new and novel, 
these are now accepted facts, data and 
techniques. Like a knowledge of ma- 
terials, tools and the skills of true arti- 
sans, these are essential, but by them- 
selves will not develop the wisdom of the 
planner or the architect. 

At our present meeting we intend to 
look at the engineer’s training in the 
humanities with problem solving in mind. 
By way of introduction, consider what 
are perhaps our most obvious problems 
of the day—-social and political affairs 
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on a world wide basis. All of us are be- 
coming increasingly aware that ideas, 
almost as if by osmosis, seep both ways 
at once through all political boundaries. 
The great question is: Which will pre- 
dominate? But the more practical ques- 
tions are: What do we believe? How 
strongly are we dedicated to these beliefs? 
How aggressive will we be in spreading 
our beliefs? And then, in relation to the 
present discussion: What may be said of 
education as a preparation for those who 
must point the way to successful pro- 
cedures? 

During the past century our colleges 
produced men of conviction and zeal. It 
seems to me now, that beginning in the 
twenties, we became a little uncertain, 
self-conscious, and for a while sophisti- 
cated; and so we tended to produce sam- 
plers, tasters, critics, and passive observ- 
ers. Now during my life time, we have 
experienced expanding dynamic political 
forces motivated by philosophies of em- 
pire and rights to leadership, theories of 
a dominant race and human destiny, and, 
more recently, an aggressive and frightful 
cult called communism. All have been 
authoritarian and each more barbarous 
than the last. We found the passive out- 
look was not good enough, probably not 
even good enough to provide for our own 
survival. Apparently, we’ve decided there 
is greater power in being for one ideal 
than there is in just being against an- 
other. I think it is in consequence that 
we have had a revival in the emphasis on 
human rights and principles of self-gov- 
ernment. These rights were succinctly 
stated in an address in 1946 at White 
Oaks, Maryland by Dr. M. A. Tuve as: the 
right to know; the right to believe; the 
right to differ; and the right to be an 
individual. For our purposes here we 
may add as principles: the sovereignty 
of the people; and the provision through 
the forces of law for reasonably prompt 
justice and for means of peaceful 
change. These have been reemphasized 
in school, press, and statements of pub- 
lie policy to serve as motivating forces. 
Certainly they are working methods whose 


values have been proven over the cen- 
turies, and so we justly consider them 
absolute essentials. Yet by themselves, 


even these are not the strongest motivat- | 


ing forces. Somewhat to our disappoint- 
ment, they did not sell too well, particu- 
larly in the Orient; and so we were 
inclined to say that the first needs of 
peoples were food and clothing. 


Powerful Forces 


We remember that survival was onee | 


called the first law of nature, but while 
it may have been the first from an evolu- 
tionary point of view, it is demonstrably 
not always the most powerful force; so let 
us ask, what beyond survival do people 
want? I suspect the most persistent is 
evidenced by a desire for the approval of 
their associates, and then again they yeam 
to respect that which they will se 
when they look inwardly upon themselves. 
These hoped-for-approvals are measured 
against certain standards and we may 3 
well face it—the most powerful forces in 
the minds of men, it appears, have bee 


and are religions, philosophies and ethic. | 


Whether the end results have been fo 
the long time good or bad, only thee 


forees seem to have brought purpose ani! 


satisfaction into human lives, and only ti 
these will peoples become truly dedicated. 

While, I believe, we will return agai 
to the old premise that for understanding 
we must give most thought to human mo 
tivations, I am fully convinced that, mor 


consit 
and | 
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than ever before, we must be concernei 


with problem-solving—plans and action” 


based on a knowledge of these motive 


tions. With the engineer’s education i) 


mind, let us take a further look. 
During the past century, we in th 

western world have found our ideals aul 

purposes much like drops of mercury ®} 


a table—though unable to pin them dow? 


still we could not deny their shining exis: 
ence. Without extolling a special vier 
point we should open wide the window 
that each student, from his own point dj 
view, may not only see these bright spo 
of light which lie before him, but reco 
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nize them as the reflections of light from 
a great single souree—one which should 
influence the whole—his studies and his 
life. 

Suppose for the moment that we were 
to learn to do just this with care, candor 
and humility. Then, let us look at prob- 
lem solving for the engineer in relation 
to his general studies. Consider his op- 


portunities to view labor-management 
relations; race-relations; area develop- 


ments (such as TVA) here and abroad 
with their related soil conservation, popu- 
lation and associated problems. (And 
here we must add a consideration of the 
ever present need for individual motiva- 
tion and incentive.) From the same basic 
viewpoint consider the student’s oppor- 
tunity to study the effects of tariffs and 
subsidies; and, let us add, to investigate 
some of the public school problems of the 
day. Let us ask, does he have practice in 
finding, stating, and limiting problems? 
Against what does he measure the value 
of his goals? Does lie consider potential 
opposition, and limitations in the ability 
to achieve these goals? Does he synthe- 
size potential solutions in terms of long 
and short time aims? Does the student 
consider to whom he would “sell” an idea 
and how he would proceed to do so? 


It Is Time for the Laymen to Come In 


Now, at last, I have come to the title 
of this paper. It is obvious that within 
the time available, we cannot hope to 
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make of student engineers, scholars in 
any of the areas of the humanities. In 
this sense the engineers remain laymen. 
Yet, they are expected to become men of 
action, busy with problem-solving and 
decision making, at home and over-seas, 
in broad areas of human affairs. There 
are more than three hundred thousand 
engineers in this country alone. Their 
recommendations and decisions will affect 
the lives of many. True scholars in the 
various specialized areas of the humani- 
ties are fewer in number, and most of 
these remain at the colleges. It is upon 
laymen such as the engineers that we must 
rely for many changes and, hopefully, 
we say for improvements. There exists 
a responsibility to develop these men not 
particularly in the direction of scholarly 
attainment in specialized fields, but for 
problem-solving based upon a working 
knowledge in many areas. It’s for all 
sorts of reasons I wish you well with our 
common responsibility; I hope you feel 
as I do, that it is time now for these 
laymen to come in. They should be 
helped to come fully into their own 
through the training we give them—par- 
ticularly through the way we encourage 
them, not only to learn and to under- 
stand, but to discover problems, to state 
problems, to solve problems and to reach 
decisions for appropriate action. 


An extensive bibliography is available to 
anyone who wishes to write the author for a 
copy. 


Free Film Available About 
“Mechanical Engineering” 


Michigan State College has completed 
a vocational guidance film about “A 
Career in Mechanical Engineering” which 


‘they have agreed to loan to interested 


groups without charge, except for ship- 
ping costs. This 20-minute colored film 


: shows the nature of mechanical engineer- 


ing, job opportunities, and training given 
future engineers. 


Designed primarily for showings be- 


fore high school groups interested in 
engineering careers, the film includes 
scenes of training on the Michigan State 
College Campus, and professional engi- 
neers at work in industrial plants. A 
mimeographed script accompanies the 
film. Requests for the film should be 
sent to Professor W. E. Libby, School of 
Engineering, Michigan State College, 


East Lansing, Michigan. 


Proposed Amendment on Membership Dues 


An amendment to ASEE By-Law IV 
relating to dues of individual members 
will be submitted to the Society member- 
ship for vote in April. This change in 
dues was recommended by the Committee 
on Society Finances in June 1953, after 
careful examination of the financial op- 
erations of ASEE. The report submitted 
by the Committee on Society Finances 
was approved by the Executive Board of 
the ASEE, the Engineering College Ad- 
ministrative Council and the Engineering 
College Research Council. This report 


Proposed Amendment to ASEE 
By-Law IV 


‘*TIndividual Members 

Within the ceiling limits for dues 
hereby established, the dues of members 
may be adjusted annually by the General 
Council at the same Council Meeting at 
which the annual budget is considered. The 
dues shall be so adjusted within the ceiling 
limits hereby established that over a reason- 
able period of years the Society shall not 
ineur a deficit that in the opinion of the 
General Council might endanger continuity 
of operations. 

The ceiling on dues shall be $7.00 per 
year for those who have not reached their 
36th birthday at the beginning of the fiscal 
year (July 1) and $10.00 per year for all 
other individual members. Except for the 
first year after the adoption of this By-Law, 
the increase in dues approved at any one 
time shall not exceed $1.00 for individual 
members. 

During the first year after adoption of 
this By-Law, the dues for individual mem- 
bers will be $6.00 for members who have 
not reached their 36th birthday by July 1, 
1954, and $8.00 for all other members. 

Institutional Members’’ (The remainder 
of By-Law IV is unchanged). 
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was published in the September 1953 
issue of the Journal of Engineering Edv- 
cation. 


October 1953. In the October meeting, 


the Council voted unanimous approval} 


of amendments to increase the dues. The 
following amendment embodies the sam 
dues rates as that previously voted upo 
by the Council but is a simplification. It 
was unanimously approved by the Ex. 
ecutive Board and is now being resub- 
mitted to the Council for vote. 


Present Wording of By-Law IV 
IV. The annual dues shall be as follows: 
Individual Members 


1. Librarians and _ grades 
under Associate Pro- 


2. Associate Professors .. Gill 
TAH 


The General Council discussed} 
this problem at its meetings in June ani} 


Institutional Members 
1. Active Members 
a. Participating in both 


Institutional Councils $50.!! 


b. Participating in only 


one Institutional 

35.05 
2. Associate Members .... 
3. Affiliate Members ..... 25 
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A Proposal for Obtaining Necessary Income 
for the Society 


By HUBER O. CROFT 
Chairman, Committee on Constitution and By-Laws; Past President, ASEE 


President Grinter in the November 1953 
issue of the Journal gave the following 
facts concerning the financial operations 
of the Society : 


1. The dues have been increased only 
from $5.00 to an average of $6.25 in 
the past twenty years. 

. A deficit of $1,700 was experienced 
last year and a budgeted deficit of 
$3,700 is occurring this year. 

3. The cost of publishing the Journal 
now amounts to an annual charge 
of $30,000 or 40% of the income of 
the Society. Investigations of other 
methods of printing the Journal in- 
dicate that very little if any savings 
can be anticipated. 

4, The Society operates with a very 
small headquarters staff and low 
overhead expense. At least one ad- 
ditional clerical worker should be 
added to the office staff. 

5. The Society pays no rent for its 

headquarters space and furniture. 

. The cost-of-living index has just 
about doubled since 1946. 

7. The ASEE has maintained a bal- 

anced budget until last year by a 


to 


o 
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vigorous expansion of membership 
and a substantial increase in other 
Society revenues. However, these 
efforts have themselves entailed ad- 
ditional operating costs. 

8. In order to maintain the Society in 
a healthy condition an increase in 
the dues of individual members is 
essential. 


On the opposite page is shown a pro- 
posed substitute for the present Fourth 
By-Law of the Society which pertains 
to the annual dues of the Society. You 
will be asked to vote on this proposal 
by a letter ballot which will be mailed to 
you in April, 1954. 

The original plan for increasing the 
dues of individual members was sug- 
gested and approved by your General 
Council and the proposed wording of the 
substitute By-Law has been approved by 
your Committee on Constitution and By- 
Laws, consisting of: H. H. Armsby; 
H. P. Burden; G. A. Marston; K. B. 
McEachron; H. P. Rodes; and H. O. 
Croft, Chairman. 

The officers of your Society recom- 
mend the adoption of the substitute By- 
Law and ask your support. 
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ASEE Summer Institutes—1954 es 


Science and technology are moving’ gent viewpoints of the research engineer, 
rapidly ahead in broad areas which hold the scientist, and the educator will bh 
significant promise for the future of brought to bear upon the problems. 
engineering. In order to assure maxi- Two Summer Institutes are planned for 
mum progress in engineering education 1954—one in Sold State Physics in En. 
and to expedite the translation of new gineering Edueation and the other in 
fundamental concepts into engineering Nuclear Physics in Engineering Edu. 
practice, the American Society for En- tion, Both conferences will be financed 
gineering Education is inaugurating this by grants from the National Sciene} men 
year a series of conferences to be known = Foyndation. Each Summer Institute wil} Pers 
as Summer Institutes. This program  gonsist of a working conference of 20t0) Mer 


will help to implement the recommenda- 30 leading authorities in the particular) °° t 
tion of the ASEE Committee on Engi- field who will make a comprehen at t] 
neering Education that modern physics, mail 


analysis of the material and lay the 
groundwork for the open conferene. 
The open conference will feature abot} "cou 
6 to 8 of the participants of the workix 
conference, discussing important fund: 
mental concepts and organization of th 


including nuclear science and solid state 
physics, should become an essential study 
in engineering education. 

Each Summer Institute will deal with 
a specific subject matter area. The pur- 
pose of the Summer Institute is to seek : : ae 
out and clarify fundamental concepts, to S¥bject matter as it relates to engineeri 
assess the material as to its importance and engineering education. There wi 
in engineering education, and to arrive be ample opportunity for open discussit 


at a logical orderly pattern for teaching by those in attendance. _ 
purposes. By this positive approach, it These conferences are supported i , 
is hoped to bring engineering education part by grants from the National Sciene 
into closer proximity to the significant Foundation. The American Institute ¢ 
new developments which will affect its Physics is cooperating in the Nucle 
future. In these conferences, the diver- Science Foundation. ia 
Thin! 
Atter 
Solid State Physics in Engineering Education 
I 
University of Illinois—March 8-10, 1954 
This will be a working meeting of leading physicists and engineers specializix 
in this field. Attendance by invitation only. 
Carnegie Institute of Technology—June 21-25, 1954 Work 
Open to engineering and physics teachers. Attendance will be limited to lil 
For information and registration forms write to Professor John W. Grahat : 
Carnegie Institute of Technology, Pittsburgh, Pa. I 
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Nuclear Science in Engineering Education 


Columbia University—April 22-24, 1954 
This will be a working meeting of leading physicists and engineers specializing 
in this field. Attendance by invitation only. 

Northwestern University—September 7-11, 1954 
Open to ASEE members. Attendance will be limited to 100. For information 
and registration forms write to Professor Robert L. Young, Technological In- 
stitute, Northwestern University, Evanston, Ill. 


ASEE Summer Schools—1954 


The following Summer Schools, sponsored by ASEE Divisions, are open to ASEE 
members. For information and procedures as to registration, please write to the 
person indicated in connection with the particular Summer School. All of the Sum- 
mer Schools at the University of Illinois either precede or follow the Annual Meeting 
so that those in attendance can combine Summer School attendance with attendance 
at the Annual Meeting. The program for the Annual Meeting of the ASEE will be 
mailed to Society members during the last week of April. 


Economics of Engineering Summer School sponsored by the Engineering Economy Commitee. 


Theme: ‘‘An Evaluation of Analytical Techniques of Engineering Economy.’’ 

Time: June 12-13, 1954. Place: University of Illinois, Urbana, Il. 

Information: Professor Arthur Lesser, Jr., Head, Industrial Engineering Dept., Stevens 
Institute of Technology, Hoboken, N. J. 


Electrical Engineering Summer School sponsored by the Electrical Engineering Division. 


Theme: ‘‘The Elements of Design of Digital Control Cireuits.’’ 
Time: June 18-20, 1954. Place: University of Illinois, Urbana, Ill. 
Information: Dr. L. V. Bewley, Dean of Engineering, Lehigh University, Bethlehem, Pa. 


Summer School in Advanced Engineering, with Emphasis upon Development of Creative 
Thinking jointly sponsored by Educational Methods Division and General Electric Co. 
Attendance by invitation only. 


Time: Aug. 30-Sept. 4, 1954. Place: Schenectady, N. Y. 
Information: R. H. Buescher, Technical Education, General Electric Co., Schenec- 
“tady, N. Y. 


Workshop for Humanistic-Social Study Project sponsored by Humanistie-Social Division. 


Time: June, 1954. Place: University of Illinois, Urbana, Tl. 


Information: Professor Sterling Olmsted, English Dept., Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. ; 
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Engineering Mechanics Summer School sponsored by the Engineering Mechanics Division, 


Theme: ‘‘Evaluation of the Engineering Significance of Graduate Training in 


Mechanices.’’ 
Time: June 11-12, 1954. 


Summer School sponsored by the Mechanical Engineering Division. 


Theme: ‘‘Teaching of Machine Design and Manufacturing Processes.’’ 
Place: University of Illinois, Chicago, Ill. 
Information: Professor K. E. Lofgren, Machine Design, Cooper Union, New York, N.Y. 


Time: June 18-25, 1954. 


Correction 


The talk of Prof. H. E. Hoelscher of 
the Johns Hopkins University at the Na- 
tional Capital Area Section meeting this 
fall was reported incorrectly in the No- 
vember issue of this Journal. Prof. 


Hoelscher discussed the report of the 
Johns Hopkins Educational Committee. 
This was a general report and not di- 
rected at the Hopkins Program specifi- 
cally. The Hopkins does not provide a 
split curriculum, and has no five year 
undergraduate program in Engineering 


SUMMER INSTITUTES AND SUMMER SCHOOLS 


Place: University of Illinois, Urbana, Ill. 
Information: Professor Dan Pletta, Virginia Polytechnic Institute, Blacksburg, Va. 


of any title. The Hopkins New Play 
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ported in the same issue), provides i) 
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Survey of Engineering College Needs for Basic 
Research in the Engineering Sciences* 


By RALPH A. MORGEN 


Program Director for Engineering, National Science Foundation 


Introduction 


In the past two decades there has been 
a profound change occurring in the phi- 
losophy and needs of engineering educa- 
tion. A growing emphasis is being placed 
on the importance of graduate education 
and the consequent need for more re- 
search as a concomitant part of the proc- 
ess. The concept of the engineering sci- 
ences has developed as a necessary tool 
to accomplish the needs of advanced engi- 
neering education to supply the practicing 
engineer with the information needed in 


light of rapidly advancing technology. 


Since graduate education is expensive 
compared to undergraduate education, the 
problem of financing this new program 
is a vexing one. During World War II 
and subsequently, the engineering colleges 
have had the opportunity to finance this 
growing graduate program through con- 
tract research with funds largely arising 
from federal agencies charged with na- 
tional defense. It is recognized that con- 
tinued support for the graduate research 
program is needed. 

This survey was undertaken with the 
thought of determining several factors: 
First, the present status of graduate 
education and research in various engi- 
neering colleges? second, the potential 
now extant to perform the necessary task 
of inereasing the supply of engineers 


* The opinions expressed in this paper are 
the author’s and do not necessarily repre- 
sent the views of the National Science 
Foundation. The data presented are not 
to be construed as official statistics of the 
Foundation. 
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with advanced degrees and third, to make 
a rough estimate of the minimum financial 
needs to meet the requirements. 

Although some data in this study are 
presented in statistical form, the meth- 
ods of data collection and analysis do not 
permit a strictly quantitative interpreta- 
tion of the figures. The statistics should 
rather be viewed as essentially a gross in- 
dication of the general magnitude of the 
problem. 

The study was confined to the 149 edu- 
cational institutions which have one or 
more undergraduate curricula accredited 
by the Engineers’ Council for Profes- 
sional Development. Of the 149 insti- 
tutions, two are service institutions, the 
United States Coast Guard Academy and 
the United States Naval Postgraduate 
School. These two were not included in 
the survey. The remaining 147 institu- 
tions were contacted and specific answers 
received from 139 of the institutions. Of 
these 139, 63 institutions were contacted 
personally by direct interviews. Rather 


- detailed letters were received from key + 


persons at the other 76 institutions. 

Each university was asked the same 
basie questions. The discussion is based 
on the answers to these questions. 


Research Policy 


The first question asked was: 


“What is your official policy relative 
to staff loads and time allocation for 

t By key persons is meant the Dean of 
Engineering, Director of Engineering Re- 
search, the Graduate Dean or a cognizant 
Department Head. 


JOURNAL OF ENGINEERING EDUCATION, Mar., 1954 


376 COLLEGE NEEDS FOR BASIC RESEARCH IN ENGINEERING SCIENCES cc 
staff research? In brief, how do you en- their staffs do research. The number off H¢ 
courage your staff to engage in research?” _ institutions which fell into this category f tions 
The purpose of this question was to set was 14 or 10.1% of the 139. This group} (desi 
the stage for the more specific questions is designated as (A) in Table I. other 
which followed. . Category (2): The next and largest | (desi 
The responses to this question fell into group of institutions is the one where | whic 
three general categories. there was some interest in research but | coulc 
Category (1): There was a rather small the amount of funds for research support | load 
number of institutions in which the cli- was so limited that the research potential | wish 
mate for research was quite unfavorable. of the institution was badly handicapped, | est d 
Several institutions of this group stated Seventy of the 139 institutions or 50.4% [| ment 
that they were not interested in having fell into this category. heavy 
staff 
TABLE I ap 
ENGINEERING ScreNcEs ResEARCH Support By INSTITUTION 
not ¢ 
Classification of Institution Per Cent Of ec 
annu 
A) mem 
The attitude of the administration is unfavorable to staff research in 14 10.1 duriz 
the engineering sciences. None 
the 
(B) staff 
The administration gives passive support to research in the engineering 31 22.3 Was | 
sciences but no attempt is made to provide funds for staff research Ca 
from ordinary university sources. All research support must come ; 
from outside support such as government or industrial contracts. pr 
(C) favor 
The administration gives moderate support to research in the engi- 39 28.1 instit 
neering sciences. In general teaching loads are 12 or more hours per seare 
week with only a minimum number of staff members permitted to tion | 
have a reduction of load to conduct research on regular university the 5 
funds. In most cases supervision of graduate thesis is counted as an funds 
overload. 
staffs 
(D) activi 
The administration gives active support to research in the engineering 29 20.8 § lstit 
sciences. In general] teaching loads are 12 hours or less per week with reduc 
a moderate number of staff members permitted to have a reduction of acade 
load to conduct research on regular university funds. In most cases salary 
supervision of graduate theses is counted as part of the teaching load. summ 
The administration expects the staff to contribute to the advancement 26 18.7 es 
of knowledge through research or other scholarly work. The teaching indies 
load is held to 6 to 9 hours with graduate work given equal or greater do s¢ 
value in equating the teaching load than undergraduate courses. ba 
Total 139* 100.0 § enoug 
done 
* There are 149 institutions which have one or more undergraduate curricula accredited sions 
by the E.C.P.D. No reply was received from 8 of these institutions, the other two are service Th | 
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However, only 31 of the 70 institu- 
tions had no funds for research purposes 
(designated as (B) in Table I) while the 
other 39 had some limited research funds 
(designated as (C) in Table I). Those 
which had some limited research funds 
could, in rare cases, lower the teaching 
load of a particular staff member who 
wished to conduct research. The great- 
est deterrent against research accomplish- 
ment in this group of institutions was 
heavy teaching loads. As a result the 
staff members did not have time to do 
research, and there were insufficient funds 
to allow them specific research time. The 
mere reduction of teaching load would 
not of itself insure research productivity. 
Of equal importance was the fact that the 
annual salary was so low that the staff 
members had to seek gainful occupation 
during the summers, usually off campus. 
None of these institutions had funds for 
the payment of additional salary to the 
staff during the summer when the staff 
was available for research work. 

Category (3): The third group of in- 
stitutions, 55 in all, had climates and 
administrative support which actively 
favored research by the staff. In these 
institutions it was recognized that re- 
search as well as teaching was an obliga- 
tion of the institution. However, 29 of 
the 55 institutions were so cramped for 
funds that they could not insist that the 
staffs do research or some professional 
activity other than teaching. All these 
institutions had some funds available for 
reduction of teaching loads during the 
academic year; however, the additional 
salary of the staff member during the 
summer months must be provided from 


other than university funds (designated ' 


as (D) in Table I). Only 26 institutions 
indicated that they expected the staff to 
do some research or other professional 
work without additional compensation. 
This group kept the teaching loads low 
enough so that research work could be 
done without making any special conces- 
sions (designated as (E) in Table I). 

In most of these latter institutions, the 
salary scale was high enough so that the 


staff members were not forced to find 
some other means of livelihood during the 
summer months in order to make a suf- 
ficiently iarge annual wage to live. Only 
one institution, however, went so far as to 
state that all of its staff members who 
were interested could do research without 
getting any funds outside the regular uni- 
versity sources. Contracts or grants for 
research from Federal sources would be 
considered outside the regular university 
sources. (Table I summarizes this in- 
formation.) 

Since a doctoral degree in engineering 
is usually considered a research degree, an 
attempt has been made to check the va- 
lidity of the answers received to question 
one (and consequently the validity of the 
conclusions that will have to be made on 
the answers to the other questions). This 
was accomplished by comparing the an- 
swers received from the institutions with 
the data on advanced degrees awarded by 
the same institution. The latter informa- 
tion was obtained from the Office of Edu- 
cation.* Table II indicates that there is 
a direct correlation between the doctoral 
degrees granted by institutions and the 
research interest of the administration and 
staff of those institutions. If the institu- 
tions from which no replies were received 
are omitted from the calculation, and 
tabulation is made on the basis of the 139 
replies, 73.4% (419 out of 571) of the 
doctoral degrees were awarded by the 
24 or 17.3% of the institutions which have 
the most favorable research atmosphere. 
If the two top brackets of research atmos- 
phere are considered together as satis- 
factory for research, then 86.5% of the 
doctoral degrees (493 out of 571) were 
awarded by 38 institutions or 27.3% of 
the accredited engineering institutions 
from whom a reply was obtained. 

While these facts are encouraging, it is 
disturbing to note that 13.5% of the doc- 
toral degrees were awarded in institutions 
where the research atmosphere can be con- 


* Circular No. 64, ‘‘Engineering Enroll- 
ments and Degrees,’’ 1952, Office of Educa- 
tion, Robert C. Story and Henry H. Armsby. 
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TABLE II 


RELATION BETWEEN ADVANCED DEGREES IN ENGINEERING AND RESEARCH Support 
BY THE INSTITUTION TyPE* 


Type of Doctoral Awards Number of Number of Number of Total 
1951-52 Institutions Institutions Institutions E 
Support —— Accredited 
(See Table I) Per Cent Institutions 
(A) it 0.2 1 5 8 14 
(B) 25 4.3 6 20 5 31 
(C) 52 8.9 20 15 4 39 
(D) 74 12.6 14 11 4 29 
(E) 419 71.5 24 2 0 26 
No Reply 15 2.5 2 4eee 4** 10 
Totals 586 100.0 67 149 


* These data obtained from “Engineering Enrollments and Degrees,” Circular No. 364, 


Office of Education. 


** Includes one service academy, U. S. Coast Guard Academy. 
*** Includes one service academy, U. 8. Naval Postgraduate School. 


sidered unsatisfactory. In order for the 
staff to supervise doctoral dissertations 
and doctoral candidates’ research in these 
institutions, it is necessary for them to 
earry this work as an overload above the 
ordinary teaching load at the institution, 
or additional funds must be obtained 
(usually by contract on a year to year 
basis from some Federal agency) to sup- 
port the research program including a 
portion of the staff member’s salary. 
This is not a healthy condition for either 
the student or the staff member. If a 
doctoral program is to be meaningful it 
must operate in an atmosphere favorable 
to research. 

While the actual number of degrees 
granted by these institutions represents 
only 13.5% (78 of the 571 degrees), the 
number of institutions professing to offer 
the doctoral degree in which the research 
atmosphere is unsatisfactory is quite 
large. In fact, from the replies received, 
a total of 65 institutions indicated that. 
they offered the doctoral degree in one or 
more areas of engineering. Of these 65 
institutions only 38 or 58.5% fell in the 
category of maintaining a research at- 
mosphere which is conducive to long-term 
basic research, whereas 27 of the institu- 


tions or 41.5% were in the unsatisfactory 
or only passive research support area. 
While the better research atmosphere in- 
stitutions are able to handle the present 
load of Ph.D. candidates, it is probable 
that this condition will not exist in the 
near future when the number of Ph.D. 
candidates will increase. It therefore be- 
comes increasingly important that more 
institutions in categories (B) and (C) as 
indicated in Table [ improve their situa- 
tion so that they can offer the doctoral 
degree under satisfactory research con- 
ditions. 

It is therefore evident from the an- 
swers to question one, “What is your 


official policy relative to staff loads and | 


time allocation for staff research?”, that 


there is high correlation between a satis- | 
factory research atmosphere and the num- [| 
ber of Ph.D. degrees granted. The 24 | 


institutions in which the support of re 
search was greatest and in which the re 
search atmosphere was best, granted over 
70% of the doctoral degrees. If the ad- 
ditional 14 institutions are included whose 
research atmosphere is good, the total 
percentage of doctoral degrees granted 
under reasonably satisfactory conditions 
exceeds 86%. 
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While less than 14% of the degrees 
granted were at institutions where the re- 
search atmosphere and research support 
were unsatisfactory, this represented 27 
of the doctoral degree-granting institu- 
tions or 41.5% of the number of institu- 
tions. This situation needs careful atten- 
tion for its future implication. It is 
essential that more universities recognize 
that they have an obligation to support 
research as well as to teach undergraduate 
courses. 


Type of Research 


The second question asked was “Do you 
believe that both ‘applied’ and ‘basic or 
fundamental’ research should be con- 
ducted in your college? Do you have an 
opinion as to the relative percentages of 
the two types that you would like to see 
in your institution? How near are you 
to that goal?” As might be expected, 
there was considerable difference of opin- 
ion on the specific definitions of “applied” 
and “basic or fundamental” research. In 
order not to cloud the issue on the an- 
swers to this question, each person was 
asked to answer the question in the light 
of his own definition of applied and basic 
or fundamental research. Therefore, the 
standards for the answer may vary some- 
what from institution to institution. _ 

There was almost unanimous agreement, 
regardless of definition, that an engineer- 
ing college should do both “applied” and 
“basic or fundamental” research in the 
engineering sciences. The only exceptions 
were some of the group (A) institutions 
(see Table I) which either had no opin- 
ion on research or did not believe that any 
research should be conducted in the engi- 
neering college. On the other end of the 
spectrum one of the Group E institutions 
stated that the research should be 100% 
“basic or fundamental” research. 

The preferred percentage of basic re- 
search varied from 20 to 90% with an 
average value of 55%. However, the 
value of 50% appeared more frequently 
than other percentages. (See Table III.) 
The desirable split at any one institution 


will depend on the interests of the in- 
dividual staff members. 

The answers were tabulated in accord- 
ance with the type institutions (Types 
A, B, C, D, and E), to see if there was 
a significant trend in the percentages 
favored depending on the research at- 
mosphere of the institution. As shown in 
Table II, there does not appear to be any 
significant trend and it can generally be 
said that engineering educators believe 
that a significant amount of both ap- 
plied and basic research in the engineer- 
ing sciences should be in operation in the 
various engineering colleges throughout 
the country. The reasons given varied 
considerably but the one mentioned more 
than any other is the fact that engineer- 
ing is in effect an applied science. While 
there was agreement that advances in 
engineering in the future will be stifled 
unless more basic research in the engi- 
neering sciences is conducted, there was 
also agreement that basic research must 
not be done to the exclusion of applied re- 
search. The students in the engineering 
colleges should come in contact with the 
philosophy of both types of research. The 
relative ratios of the two which are in 
operation at any particular institution at 
a specific time will depend on a variety 
of factors such as the interest of the staff 
members, the nature of the problems in 
which the staff is interested and the loca- 
tion of the institution with respect to 


TABLE III 


DESIRABILITY OF BotH APPLIED AND Basic 
RESEARCH IN THE ENGINEERING 
aT UNIVERSITIES 


Type Institution ttutions Apdiea | 
Average of all 139 45 55 
answers 

Type E 26 40 60 
Type D 29 48 52 
Type C 39 43 57 
Type E 31 48 52 
Type A 14 42 58 


d 
‘otal 
redited 
tutions 
No. 364, 
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types of industry and natural resources of 
the area. 

Except for institutions in the Type E 
classification, there was general agree- 


ment that more applied research was now . 


in operation in the universities than ap- 
peared desirable. The general reason 
given was that money for the support of 
applied research was much easier to ob- 
tain and, therefore, it was better to do the 
applied research than no research at all. 
The deviation from the goal of approxi- 
mately 55% basic research and 45% ap- 
plied research in the engineering sciences 
varies widely and is greatest in those in- 
stitutions which do not offer the Ph.D. 
degree. 
Staff Availability 


The third question asked was as fol- 
lows: 

“Approximately how many members of 
your present staff would be interested in 
conducting ‘basic’ research in one of the 
engineering sciences if funds from a Na- 
tional Science Foundation grant or other 
source were available? (Indicate sepa- 
rately staff members not now engaged in 
research for lack of funds and those who 
might drop ‘applied’ research in favor of 
basic research if funds are available.)” 

In considering the answers given to the 
first part of this question, that is those 
staff members now engaged in research 
for lack of funds, the answers fell into 
two general categories: (a) those who 
were doing comparatively little or no re- 
search largely for lack of funds or in- 
ability on the part of the institution to 
allow time for research without outside 
funds, and (b) those staff members who 
were doing a moderate amount of re- 
search, but who could do further basic 
research without overloading themselves. 
In order to obtain a proper perspective, 
the availability of persons should be con- 
sidered in relation to the institution by 
whom they were employed. 

In the B and C Type institutions, most 
of those who would like to do basic re- 
search and were not doing it, gave the 


prime reason as lack of funds. In the 


D and E Type institutions, more staff 
members usually had some research sup- 
port but indicated that they could con- 
duct additional research without an undue 
overload if funds were available. One 
other point should be stressed and that is 
the uneven distribution of research funds 
by the various disciplines within the engi- 
neering sciences. The number of staff 
members immediately available for basic 
research if grant support were available 
is quite limited in the fields of electronics, 
metallurgy and aeronautics. These are 
the three fields in which the major con- 
centration of funds has come from the 
Department of Defense. On the other 
hand, there has been much less emphasis 
from the Department of Defense on basic 
research in the fields of chemical engineer- 
ing, civil engineering and mechanical engi- 
neering. Therefore, there is available im- 
mediately a larger number of staff men- 
bers in these areas. 
Table IV summarizes the availability of 
persons to do basic research by types of 
institutions in which they are employed. 
The second part of the question, asking 
about, “those who might drop ‘applied 
research’ in favor of basic research if 
funds were available,” shows a somewhat 
different pattern. From the answers to 
this question, it is evident that while 


TABLE IV 


Starr Memsers IMMEDIATELY AVAILABLE 
For Basic RESEARCH IN THE 
ENGINEERING SCIENCES IF GRANT 
Support 1s AVAILABLE 
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many staff members are kept busy with 
as heavy a research load as they can 
handle, these staff members are not en- 
tirely happy with the type of research 
support which they have been receiving. 
While many of these research programs 
intend to be of the basic type, the mere 
fact that support is coming from an 
agency which has a specific mission to ae- 
complish, other than the research, tends 
to slant the direction which the research 
takes. 

In comparing Table V with Table IV, 
as might be expected, a rather substantial 
number of persons now doing research 
and employed in Type E institutions 
would like to shift their research more 
towards the basic end of the spectrum. 
They would prefer that support would 
come from a source that had research as 
its primary aim, so that there would be 
less tendency to slant the program toward 
a specific objective. 

One other fact seems to be evident from 
the answers to this question. If the B 
and C Type institutions are to engage in 
a comprehensive research program, they 
must acquire a larger number of staff 
members who would be interested in doing 
basic research. For example, from Table 
V, the Type E institutions represent only 
18.7% of the engineering institutions, but 
they have on their staff 43.3% of the per- 


_ sons who are interested in doing basic 


research, whereas the B Type institutions 


_ represent 22.3% of the total engineering 


institutions but have on their staffs only 


s 13.6% of the persons who are interested 
_ in doing basic research. Contrary to ex- 


pectations this discrepancy cannot be ex- 
plained on the basis of student load either 


_ at the graduate or undergraduate level. 


The 31 B type institutions have an aver- 


_ age of about 900 undergraduate students 


_and 145 graduate students, whereas the 
' 26 E type have an average of 1300 under- 


aa : graduate and 260 graduate students. The 
195 f research atmosphere at an institution can 
"2 | be fostered by a sympathetic administra- 


tion and careful selection of staff. This 
possible despite higher than desirable 


teaching loads. 


TABLE V 


Tora Starr MemBers WHo WouLD PREFER 
to Do Basic RESEARCH IN THE ENGI- 
NEERING SCIENCES IF GRANT 
Support WERE AVAILABLE 


Institutions Research Personnel 
= P b P 

Number Cent = Cent 

A 14 10.1 43 2.2 

B 31 22.3 266 13.6 

C 39 28.1 409 20.9 

D 29 20.8 390 20.0 

E 26 18.7 846 43.3 
Total 139 100.0 | 1954 | 100.00 


As a check on the validity of the figures 
in Tables IV and V, an estimate by a 
different procedure has been made of the 
number of staff members who might do 
basic research. It is estimated that there 
are about 9000* engineering educators 
in the United States. On the average 
staff about 50% will be interested in 
doing research of any kind. Of those in- 
terested in engaging in research, 55% (see 
Table III) will be interested in basic re- 
search at any one time. This would in- 
dicate that about 2500 staff members in 
engineering might need support for basic 
research. Almost 2000 of these persons 
have been located (see Table V). The 
additional persons are at the eight ac- 
credited institutions which did not reply 
to this survey and at the 45 institutions 
offering engineering but whose under- 
graduate courses are not accredited. 


Graduate Students 


The next question was worded as fol- 
lows: “Since the manpower situation is 
quite serious, in regard to engineering 
students with advanced degrees, how 
many new graduate students, either at 
the M.S. level or the Ph.D. level, could be 
supported and encouraged to obtain their 


* Educational Directory, The University 
of Chicago Press, January 15, 1953. 
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advanced degrees through the research 
mentioned above?” 

As might be expected from the answers 
to the previous questions, there was some 
variation due to the type of institutions, 
The type A institutions had little interest 
in graduate work and would provide few 
additional graduate students. The num- 
ber of additional graduate students that 
could be supported is almost directly pro- 
portional to the staff members interested 
in research at all the other institutions. 
While there was some tendency for the in- 
stitutions of the (D) and (E) types to 
handle a slightly larger number of grad- 
uate students per staff member than at the 
(B) and (C) types, the number is prob- 
ably not statistically meaningful. For 
all practical purposes it can be said that 
on the average there would be 1.5 addi- 
tional graduate students per staff mem- 
ber who received grant support for basic 
research. 

Therefore, somewhat more than 600 ad- 
ditional graduate students could be trained 
immediately by the somewhat more than 
400 staff members who are presently 
available to do basic research. If other 
staff members could be relieved of a por- 
tion of their applied research and were 
given support to do basic research, more 
than 2700 additional graduate students 


TABLE VI 


ADDITIONAL GRADUATE STUDENTS Wuo 
Br Supportep BY GRANTS 


Imme- Imme- | ble* sraduate, 
diately diately |vaila Students 
A 4 4 43 43 
B 58 58 266 266 
Cc 164 409 573 
D 87 128 390 574 
E iW 273 846 1311 
Total 443 627 1954 2767 


* These columns are based on the assump- 
tion that staff now engaged on applied 
research could replace part of that support 
with basic research support. 


TaBLe VII 


TypicaL GRANT 


(Items in order of importance 
to the institution) 


Item 

1. Staff Salary (mainly summers) $1600 
2. Graduate Assistants (14) 3300 
3. Permanent Equipment 1000 

4. Expendable Equipment, Sup- 
plies, Travel, etc. 1000 

5. Indirect costs @15% of total 
(approx.) 1000 
Total $7900 


could have their research supervised by 
the 1900-odd staff members who would 
become available. 

During the year 1951-52 the 149 insti- 
tutions having one or more curricula a- 
eredited by the E.C.P.D. conferred 27, 
155 * bachelors or first degrees. At the 
same time there were conferred 4132 mas. 
ters degrees and 586 doctors degrees. 

The consensus of opinion of those to 
whom the author has raised the question 
is that there is need for 20 masters degre 
and 5 doctors degree people for each 10 
bachelors degrees in engineering subjects. 
If this is true, then the graduate schook 
are supplying only 80% of the masters de 
gree people and less than 50% of the doe- 


tors degree people needed on the basis 
the present graduating classes. 

If 2700 graduate students were sup | 
ported by the research grant progran | 
mentioned above, a big step forwarl) 
would be taken towards filling the gap — 
When students are supported by grants 
they can expect to earn the masters de 
gree in from 1 calendar year to 15 months, 2 
whereas, at the present time, the enrol 
ment of 17,418 graduate students pre 
duces only 4132 masters degrees pe 
year, or almost 4 years to earn a mastes” 
degree. This is due to the fact that th” 
majority of the graduate students at 
enrolled in night courses and are el 
ployed full-time ¢ during the day. Tho” 


* J. Eng. E. 43, 4 (1953). 
t Op. cit. 
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they can do only a limited amount of 
graduate study each year. 

On the assumption that a l-year grant 
will produce 1 masters degree, a 3-year 
grant will produce 1 doctors degree and 
that a ratio of masters degrees to doctors 
degrees of 4 to 1 is desirable, the research 
program mentioned above could produce 
1500 persons with masters degrees per 
year and 400 persons with doctors de- 
grees per year. This would be the annual 
increase per year and would go a long 
way towards filling the needs. 


Research Support 


Having now determined the needs for 
staff support of basic research and the 
number of additional advanced degree 
engineers that could be produced, the next 
question was directed towards the cost of 
the program. The fifth question asked 
was, “In round numbers, how much addi- 
tional money (above that presently avail- 
able to you) is needed to support such a 
research program at your institution? In 
making your estimates on this matter, it 
is assumed that in order to activate the 
program, you would not hire additional 
staff members other than technical assist- 
ants or the graduate students mentioned 
above. It could be assumed that the 
grant might support, during the summer 
months, those members of the staff who 
are on a nine or ten months basis so that 
the research program could have con- 
tinuity.” 

The replies to this question were sur- 
prisingly consistent with the variations 
predictable on the type of the institutions 
(A, B, C, D, or E as noted in Table I). 
There is almost unaminous agreement that 
the first and most pressing need is for the 
payment of staff salaries during the sum- 
mer months. Many staff members would 
like to do basic research but the necessity 
to earn additional income during the sum- 
mer forces them to either (a) take off- 
campus employment during the summer 
months or (b) do applied research on 
campus. 


Only the D and E type institutions are 
able to give the staff low enough teaching 
loads so that basic research can be done 
during the academic year without charg- 
ing a portion of the principal investiga- 
tor’s salary to the grant. The C type in- 
stitutions, in limited cases, may be able to 
allow the staff time for basic research but 
in most cases must charge a proportionate 
share of the principal investigator’s salary 
to the grant in order to hire additional 
personnel to carry the teaching load. 

The second greatest need for support 
on the grant is assistance to the principal 
investigator in the form of graduate stu- 
dents. Most of the institutions had un- 
filled graduate assistantships of various 
types which could not be filled because the 
salary was too low. There was unanimity 
of opinion that more graduate students 
could be obtained by raising the value of 
graduate research assistantships, but there 
was considerable variation of opinion on 
the amount. 

The best estimate of the needs to en- 
courage the required number of graduate 
students in engineering is_based on a 
series of discussions coupled with the 
formal answers to the questions. It is 
based on the fact that (a) the ratio of 
earnings of the new bachelors degree 
man to his earnings as a graduate as- 
sistant must approximate the ratio that 
existed just prior to World War II and 
(b) the amount that the graduate student 
receives on a 12 months basis this year 
should equal in purchasing power the 
amount that he would have received at 
that time. These two lines of reasoning 
equate to a minimum 12 months pay for a 
graduate research assistant as varying 
from $2000 to $2400. 

Using these figures as a base and add- 
ing the fact that the student would be 
working on a research problem that would 
be acceptable to the graduate school for 
degree purposes, there is overwhelming 
agreement that the desired number of 
qualified graduate students could be ob- 
tained in the various day school graduate 
curricula. The average grant request 
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would be for support of one and a half 
such graduate students. 

The item. mentioned as third in im- 
portance was permanent equipment. On 
the average that amounted to $1000 per 
grant per year. 

The fourth item is a catch-all covering 
expendable equipment, supplies, travel 
and other miscellaneous items. These 
totalled about $1000. 

When the items are totalled and 15% 
is added for indirect costs the amount is 
approximately $8000 per grant per year. 
(See Table VII for breakdown.) 

From this analysis it now appears rea- 
sonable to state two figures for the sup- 
port of basic research in the engineering 
sciences. 

The first figure is an amount that is 
needed for the support of basic research 
immediately. It would go to, the support 
of the approximately 437 staff members 
(see Table IV) who do not have research 
support at this time. If each of these 
persons was to receive the average grant 
of $8000, the total needed for the basic 
research support in the engineering sci- 
ences is $3,500,000. This sum is predi- 
eated on the fact that there would be 
no reduction in research support by other 
agencies, either governmental or indus- 
trial. 

If there were a reduction in applied re- 
search support and support were given 
to all the engineering staff members who 
would like to do basie research, the num- 
ber is approximately 2000 people (Table 
V figure accounts for 1954) requiring 
$16,000,000. This figure is predicated on 


allowing 1 average grant for each person 
capable of doing basic research in the 
engineering sciences with the universities 
supplying all the additional funds from 
their normal sources. 


Summary 


The most striking factor which this sur. 
vey brings to light is that an insufficient 
number of engineering colleges recognize 
their responsibility towards research and 
the advancement of knowledge. A sound 
doctoral program is dependent on a favor. 
able research climate. Over 40% of the 
Ph.D. degree granting institutions had in- 
sufficient funds to justify such a program 
without resorting to staff overloads or 
contract research support for the staff. 

Research in engineering colleges should 
be divided between basic and applied re- 
search. A ratio of approximately one to 
one in the two types appears to be the 
most desirable situation. 

In order to assist more staff members to 
do basic research, funds are needed to pay 
additional staff salaries during the sun- 
mer months. This requires a sum equal 
to about 25% of the present academic 
salary for those persons. 

To increase the number of graduate 
students in engineering, funds must lk 
available. It is estimated that between 
$2000 and $2400 per graduate student is 
needed for their support. On the basis of | 
staff members now on the staffs of the” 
universities, about 2700 additional grai-~ 
uate students could be educated with pres 


ent facilities. F 
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On The Role of Physics in 
Engineering Education? 


By R. J. SEEGER 


Assistant Director, National Science Foundation 


Since the organization of the American 
Society for Engineering Education in 
1893, there have been many studies of 
engineering curricula, such as the Mann 
Report (Carnegie Bulletin No. 11), the 
Wickenden Report of 1923 (said to be 
“monumental”), the “Aims and Seope of 
Engineering Curricula” (1940), “Engi- 
neering Education after the War” (1944), 
and Jackson’s “Present Status and Trends 
of Engineering Education in the United 
States” (1939, essentially a “supplement 
to the Wickenden Report”). 

The present ASEE Committee on 
Evaluation of Engineering Education pro- 
posed 34 searching questions at its Chi- 
cago meeting in September 1952, and sug- 
gested these as items for discussion by 
Institutional Committees. A group of 
these questions dealt with the curricular 
content and its relation to the objectives 
of engineering education. Among the 53 
reports submitted by Institutional Com- 
mittees, there is general agreement that 
research in physics has been constantly ex- 
panding the available knowledge in this 
field and that any current revision of 
engineering curricula must of necessity 
involve consideration of the inclusion of 
this new material into the already over- 
crowded physics courses. Some provoca- 
tive excerpts from these reports are cited 
below with respect to physics. 


Provocative Excerpts 
“The injection of recent scientific ad- 
vances in undergraduate curricula will 
prompt thinking along the lines of a five- 


year program.” “Additional mathematics 
and physics fundamental to particular 
departments must be added in the time 
available.’ New material must “be 
crowded into the present curriculum by 
reducing empiricism, by a more funda- 
mental presentation of subject matter, 
and by integrated study of various fields.” 
“Nuclear physics, some aspects of bio- 
chemistry, statistics, topology and nomog- 
raphy will be translated into engineering 
practice within 25 years. The funda- 
mentals could conceivably be substituted 
for other topics now taught.” “Atomic 
and nuclear physics should include the 
structure of the nucleus, radiation and 
its detection, nuclear fission and power, 
mass spectroscopy, wave motion, low tem- 
perature, high vacuum effects and ultra- 
sonie spectroscopy.” “Sophomore physics 
should be modified by de-emphasizing 
mechanics, electricity and heat, and sub- 
stituting modern physics in place of 
these.” “A vote of one engineering fac- 
ulty showed 62% favoring the introduc- 
tion of nuclear physics in the present 
undergraduate curricula.” “Duplication 
of course content can be minimized by 
de-emphasizing such topics as mechanics, 
electricity and heat in physics.” ‘“Sopho- 
more physics should be altered by elimi- 
nating mechanics, heat and electricity and 
increasing the time for light, sound and 
nuclear physics.’ “Many engineering 
service courses are designed for students 
majoring in a particular field by instrue- 
tors with no interest in or knowledge of 
the student’s background.” “About 60% 


of one faculty voted in favor of requiring 
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thermodynamics, heat transfer, electrical 
cireuits and fields, electronics, differential 
equations and nuclear physics for all en- 
gineers.” One local committee proposes 
“that all of sophomore physics be deleted 
and taught as separate subjects in the 
engineering science division. These would 
include mechanies, thermodynamics, elec- 
tricity, light and sound.” 

At the Gainesville meeting of the Main 
Committee in June 1953, two subcommit- 
tees were appointed to consider certain 
questions involving curricula. Excerpts 
from tentative drafts of their reports are 
given below with reference to physics. 


Excerpts from Sub-Committee Reports 


“Much fundamental research in what is 
now called the engineering sciences was 
then being conducted by physicists. Since 
1940 nearly all research physicists have 
had their interests reoriented toward nu- 
clear problems and it seems doubtful that 
this interest will be adequately returned 
to the fields of vibrations, elasticity, plas- 
ticity, heat transfer, engineering thermo- 
dynamics, fluid flow, electronics and the 
other background sciences of engineering. 
Hence engineers have become responsible 
for the continued research in all the fields 
of engineering science.” “The first four 
years of the undergraduate program can 
hardly be identical any longer for these 
two types of engineering education which 
in this report will be called professional- 
general and professional-scientific.” One 
engineer has defined engineering science 
as those portions of physics, chemistry, 
and mathematics that are no longer of 
interest to research physicists, chemists, 
and mathematicians. “The very nature 
of the full background is such as to call 
for graduate studies in the engineering 
sciences.” 

Under the curricular content recom- 
mended for professional-scientific accredi- 
tation one finds: “Physics—including an 
introduction to modern and nuclear phys- 
ies and inluding that of the solid state, 
but excluding mechanics, electricity and 
heat from the elementary course if this 
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material is adequately covered elsewhere.”} of coo 
Under the curricular content for pro.f tion a 
fessional-general accreditation one finds; “Pe 
“Physies—general physics and such topies ciency 
of modern physics as may be appropriate | the la 
to the curriculum, but excluding mechan. § basic « 
ies, electricity and heat if these are coy. vecogn 
ered adequately elsewhere.” “Past experi- | and el 
ence would lead us to predict with reason. | neerin; 
able assurance that the new developments | prove 
in atomie, nuclear, and solid state physics | single 
. will become the center of rapidly and | prising 
developing areas of engineering practice | Physic: 
in the years ahead.” dynam 
“Physics as taught for engineers hay | It wou 
undergone only minor changes during the lege to 
past generation in which many revolution. | S!gnme 
ary new concepts have been developej | ‘ons. 
that are influencing engineering practice, | should 
Modern physics, including nuclear ani ne 
solid state physics, should be included in | 224 ch 
undergraduate curricula. It is felt that | should 
duplication between physics and statie,| the 
dynamics, thermodynamics, and electricity | cluding 
should be reduced or eliminated to provide | "0M0g1 
time for basie study of modern physics. analyse 
The study of acoustics and opties is eon — ™easur 
sidered desirable rather than essential » f 224 uti 
that its consumption of time should kk should | 
small.” the con 
Increase Efficiency 
“There is the possibility of increasing | the last 
the efficiency of instruction or of eliminat-' courses 
ing some of the existing course content.) bers in 
Several of the Institutional Committees’ would t 
have discussed the excessive duplication | students 
existing between both the material covered _ present: 


in mathematics, physics, and mechanié, 


and between the material covered in thee’ “It m 
basie courses and that covered in advancel school s 
engineering courses. It is not uncommo | problem 


to hear remarks regarding the inability | inittee f 
of students to learn the fundamentals of ean be n 


electricity in physics, and of their having work sii 
to start all over again in electrical engi” of instr, 
neering. Similar remarks involve tion 
chanics and mathematics, and collegY in the ; 
mathematics and high school mathematic 
There is doubtless some truth in thes) fess) 
é ional 
statements but many times the problems) | 
0 excep 
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in the industrial field depend upon in- 
_ creased efficiency for success, and a pro- 
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of coordination and exchange of informa- 
tion among departments.” 

“Perhaps a more serious loss in effi- 
ciency of instruction occurs because of 
the lack of motivation of students in the 
basic courses. This lack of motivation is 
recognized both by mathematics, physics 
and chemistry teachers, and by the engi- 
neering staff. It might be possible to im- 
prove this situation by inaugurating a 
single consolidated series of courses com- 
prising the basie material in mathematics, 
physics, chemistry, mechanics and thermo- 
dynamics in the first five of six semesters. 
It would be taught in the engineering col- 
lege to provide real motivation to the as- 
signment of strong engineering applica- 
tions. Accompanying laboratory work 
should consist of engineering experiments 
and not classical experiments in physics 
and chemistry. Such a series of courses 
should develop leadership and initiative 
in the students. Engineering reports, in- 
cluding drawings, should be prepared, and 
nomographie charts, elementary statistical 
analyses and basic measurements and 
measuring instruments should be studied 
and utilized. Since such a set of courses 
should require considerably less time than 
the conventional arrangement, it would be 
possible to offer advanced courses in mod- 
ern physics, chemistry and mathematies in 
the last year of the curriculum. These 
courses would be taught by the staff mem- 
bers in the special fields. The material 
would then be presented to more mature 
students better able to appreciate the 
presentation by specialists in these respec- 
tive fields.” 

“It must be emphasized again that each 
school should find its own solution to the 
problem of increased demands. The Com- 
mittee feels that the added requirements 
can be met within the present time frame- 


_ work simply by increasing the efficiency 


of instruction and of curriculum organiza- 
Successful professional engineers 


fessional engineer in education should be 
no exception.” 
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Physics Committees 


At its Baton Rouge meeting in Feb- 
ruary 1953, the ASEE Committee on the 
Evaluation of Engineering Education ap- 
pointed a Physics Subcommittee consist- 
ing of E. Weber (electrical engineering, 
Brooklyn Polytechnic Institute), Chair- 
man; A. P. Colburn (chemical engineer- 
ing, University of Delaware); and R. J. 
Seeger (physics, National Science Foun- 
dation). This Subeommittee’s report was 
adopted by the Main Committee in Gaines- 
ville in June 1953. It recommended that 
certain questions be referred to the ASEE 
Physies Division and certain other ques- 
tions to the AAPT. In the ASEE Phys- 
ics Division, the matter was referred to 
its Executive Committee consisting of R. 
J. Seeger (Chairman, National Science 
Foundation), C. E. Bennett (University 
of Maine), G. P. Brewington (Lawrence 
Institute of Technology), G. Burnham 
(Norwich University), J. R. Dunning 
(Columbia University), E. Hutchisson 
(Case Institute of Technology), D. H. 
Loughridge (Northwestern University) 
and J. G. Potter (A. & M. College of 
Texas). In the AAPT, the matter was 
referred to its Committee on Engineering 
Education: J. H. Keenan (Chairman, 
M.I.T.), C. E. Bennett (University of 
Maine), O. W. Eshbach (Northwestern 
University), W. C. Kelly (University of 
Pittsburgh) and J. G. Potter (A. & M. 
College of Texas). These committees met 
jointly with the Physics Subcommittee of 
the Main Committee and A. Bronwell, 
Secretary of ASEE, at the American In- 
stitute of Physics in October 1953. 


More Widespread Discussion Needed 


These committees recommended unani- 
mously that no action be taken by the 
ASEE until there has been more wide- 
spread discussion of the problem among 
physicists and engineers. In order to in- 
sure more widespread knowledge, they 
recommended that an article be written for 
Physics Today to give physicists immedi- 
ately some advance information about the 
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problems at hand. Finally, these commit- 
tees recommended early institutional dis- 
cussions and national symposia, as well as 
curricula conferences by small groups rep- 
resenting various points of view. 

It is evident that engineers and physi- 
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cists must both answer the questions: 
What contributions can physicists make to 
engineering education? What contribv- 
tions should physicists make to engineer. 


. ing education? In short, what is the role 


of physics in engineering education? 


College Notes 


The University of Pennsylvania has 
announced the elevation of Dr. Carl C. 
Chambers, Dean of the University’s Moore 
School of Electrical Engineering, to Vice- 
President in Charge of Engineering Af- 
fairs. He will direct the University’s 
educational activities in chemical, civil, 
electrical, mechanical and metallurgical 
engineering. 

* * * 


Nils Yngve Wessell was installed on 
December 9, 1953 as President of Tufts 
College. 


* 


L. V. Bewley, head of the department 
of electrical engineering at Lehigh Uni- 


versity, has been named dean of the 
college of engineering at that school. 


* 


R. S. Green has been named executive 
director of the Engineering Experiment 
Station at the Ohio State University. 


The Eighth Annual Industry-Faeulty 
Conference will be held at Louisiana 
State University on April 6-7, 1954 
The theme for the conference will be 
“Education and Industry.” 


Edward McHugh has been appointed 
dean of engineering at Clarkson College 
of Technology. 
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Let’s Look at the Causes for the Professional 
Collective Bargaining Groups 


By T. H. EVANS 
Dean of Engineering, Colorado A. §& M. College 


The paper by Dean Woolrich on The 
Professional Engineer, in the April issue 
of our journal, I believe, is an unusually 
capable, sincere, and intelligent attempt to 
review the situation within our profession 
today. This is an effort to discuss some 
of the points he raised and perhaps to try 
to visualize more of the other side of the 
picture, to which the writer has devoted 
some study. 

“Unionism” has a rather sinister con- 
notation to many of us because of actions 
of the labor unions over-the years. It can 
mean violence, lack of the public interest 
at times, getting all that the traffic will 
bear, diminution of productive effort, 
equating all in the union to a common 
level irregardless of merit. In other 
words, a goal of increased reward for in- 
creased mediocrity. 

The word “union” also can mean some- 
thing fine. Our forefathers created a 
Union, and for its preservation many of 
our fellow countrymen have died. There- 
fore it is not clear why we must assume 
that a much higher level group of profes- 
sionals is bound to follow the labor union 
line simply because they have banded to- 
gether to act collectively with their em- 
ployers, or because they bear the some- 
times unfortunate name, “union.” It is 
believed to be the word alone which has 
apparently colored the thinking of many 
professional people and caused a pre- 
judgment against these groups before 
they have had a chance to act in any way 
—either professionally or unprofession- 
ally. It does not seem logical to assume 
that a professional engineer will act like a 


professional because be belongs to an en- 
gineering society, but like a typical labor 
unionist if he also belongs to a profes- 
sional bargaining group. From what the 
writer can learn about most of these 
groups they have no intention of follow- 
ing the pattern set by the labor unions. 
Their objective is to deal with manage- 
ment on a rational, fair, cooperative, 
ethical, and professional level. Most of 
them appear to realize that they have 
a critical stake in the progress of in- 
dustry, just as the latter should have in 
the welfare of engineer employees. They 
seem to have no intention of trying to 
bleed industry of all its profit. They are 
trying merely to get industry ot recognize 
the proper economic level for the engineer 
(and particularly the engineer with five or 
more years’ experience behind him). Nor 
is there to be a “levelling off,” as is typical 
of labor unions. These engineering asso- 
ciations have advocated categories within 
an industry depending on ability, experi- 
ence, and other factors; which is similar 
in objective to those our national societies 
have published from time to time, showing 
different grades of engineering ability, 
and even advocating ranges of salary in 
some instances. It should be emphasized 
that the Engineers and Scientists of 
America is merely a national federation 
and that each member unit would still 
handle its own employer-employee rela- 
tionships. Therefore the numbers in- 
volved would not be so great that an in- 
dividual would be lost sight of. And al- 
though the basie reason for forming these 
groups is the feeling of a need for eco- 
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nomic improvement, only because the pro- 
fession has not helped them in this re- 
spect, their other principal objectives are 
professional and social improvement for 
the engineering employee. Many of these 
same points were brought out at the 
ASEE meeting in June 1949. 

Where there is so much smoke there 
must be some fire. Something is radically 
wrong in our profession when a group 
such as ESA can spring up almost over- 
night with a strength comparable to any 
one of our individual engineering societies. 
Many of us don’t feel we can arbitrarily 
condemn such groups, which are fighting 
for individual rights, when they honestly 
believe they need collective help. A large 
number of these individuals wanted their 
profession to help. It could not because 
it was fragmented and had no real power. 
Nor has the recent attempt to insist on 
Plan A for unity, rather than a more 
democratic and more universally accept- 
able plan, helped make those already dis- 
satisfied feel that the profession was sin- 
cerely interested in the welfare of the 
engineer as an individual. Until the pro- 
fession could show real interest in, and 
intent to help, engineers in all aspects of 
their professional life, it is difficult to see 
how these engineers forming the bargain- 
ing units could be expected to do other- 
wise. 

Industry Has Been Negligent 


As Dean Woolrich points out, industry 
has obviously been negligent in setting 
up proper seales of advancement for en- 
gineers with several years of experience. 
Is industry in general going to assume 
the responsibility to correct these in- 
equities? The disunited Engineering pro- 
fession has been unable to do anything 
about it. So what is left to an indi- 
vidual with any backbone? When a con- 
serative group like the engineers flares 
up in many localities there must be some 
good reason for it. 

The real kernel of the difficulty may be 
the apparent inability of the autonomous 
groups making up the Engineering pro- 
fession to give a little in order to bring 
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about what is best for the whole. From 
comments all around the country it seems 
apparent that the bulk of the membership 
of the engineering societies are far from 


. being preponderantly in favor of Plan A, 


even though it is the one now being put 
into effect. There is at least one Section 
of ASEE which is almost unanimously in 
favor of some plan more akin to C than 
A. If a democratic survey of individual 
professional engineers throughout the 
country was made (or even just among 
those in the societies) the great majority 
would apparently be in favor of Plan (, 
or some plan similar to it, such as that 
proposed by the GE Engineers Associa- 
tion in Electrical Engineering for April 
1953. 

We thus have a tug of war between cer- 
tain powers in the technical societies, the 
NSPE, and now the ESA. One possible 
solution is for the rank and file of the 
profession to insist on immediate and 
truly acceptable Unity, coupled with an 
additional and definite objective showing 
some intent to improve where necessary 
the economic welfare of engineering em- 
ployees based on their achievements and 
contributions to industry. It is believed 
these two moves would eliminate the basic 
cause of the unrest and dissatisfaction 
within our profession. If this were done 
quickly then the need for any local “bar- 
gaining” would be nullified. Many local 
sections of the national societies are re- 
questing their Boards of Direction to do 
this. 

Defense Measure 


Some of us feel that the engineering 
collective bargaining groups are a defense 
measure, used in desperation when 10 
other help was available; and if the En- 
gineering profession was truly unified, as 
is the Medical profession, then it could 
give the employed engineer the help he 
presently feels only the bargaining groups 
ean give him. The writer will be disap- 
pointed badly, and clamor as loudly for 
their scalps as anyone, if these groups it 
general lower themselves to the unethical 
and unprofessional tactics of the labor 


unions. 
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unions. Since the profession is not giv- 
ing adequate support to the individual 
professionally and economically, however, 
one can’t honestly condemn these bargain- 
ing groups for trying to pull the iron out 
of the fire, if they maintain their ethical 
and professional standards. Naturally we 
must be concerned about the strength and 
growth of the collective bargaining move- 
ment, but if we can’t offer something as 
good or better then it seems unreasonable 
to condemn such groups, especially if they 
prove to be truly professional. Condem- 
nation only raises a smoke sereen to cover 
the ineffectiveness of our profession as 
such. Major surgery to get at the funda- 
mental causes of our disunity is needed, 
and not some expedient measure that will 
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create further disunity. The truly scien- 
tifie way is to analyze the entire problem 
objectively for basie causes, and it does 
not seem that such has been done fully. 
This paper is a meager attempt to try to 
expose a little of the other side, about 
which we have heard almost nothing. 
It is no intended as a plea for more 
collective bargaining units; but it is in- 
tended to stress the need for more con- 
structive suggestions to overcome the need 
for such units. What we must all strive 
for is real Unity, and the time is now. 
As engineering educators we have a 
great stake in this tug of war. We also 
have an opportunity to do something 
about it in the local sections of our na- 
tional societies, and with our students. 


College Notes 


A short course on High Temperature 
Properties of Materials will be held at 
The Pennsylvania State University be- 
tween June 21 to June 25 inclusive. 
Following this course one on Mechanics 
of Creep will be conducted between June 
28 and July 2. Authorities from indus- 
trial, governmental and educational insti- 
tutions will give the lectures for both these 
courses. The programs are planned to 


give a broad coverage of high tempera- 
ture properties of materials and me- 
chanies of creep by including physical, 
metallurgical and design aspects of these 
subjects. For further information, please 
write Dr. Joseph Marin, Department of 


Engineering Mechanics, The Pennsyl- 
vania State University, State College, Pa 


* 


Two hundred high school science and 
mathematics teachers from 24 states will 
spend six weeks of expense-free study 
next summer under fellowships granted 
by the General Electric Company. The 
four programs will be operated at Union 
College, Schenectady, for 50 science teach- 
ers; Rensselaer Polytechnic Institute, 
Troy, N. Y., for 50 mathematics teachers; 
Case Institute of Technology, Cleveland, 
O., for 50 physies teachers; and Purdue 
University, Lafayette, Ind., for 50 mathe- 
matics teachers. 


Teaching Tips 
(A New Feature) 


The fundamentals of good teaching are 


known to nearly all teachers. These in- 


clude a good knowledge of the subject, 


adequate preparation for class, clear ex- 
planation, student motivation, and a sin- 


cere interest in the individual student. 
“Teaching Tips” are not meant to re- 
emphasize these fundamentals, but rather 
to provide stimulating suggestions regard- 
ing their application to various teaching 
situations. 

Our first “Teaching Tip” is from the 
Institutional Report of the University of 
Rochester on Improvement of Teaching. 


We hope it may suggest an improved 
technique for doing your own teaching 
job. 

We would like to publish a series of 
such tips and need your help in finding 
and reporting them. When you have used 
effectively a new or different approach to 
your teaching, it gives a thrill! Won't 
you share it by sending us a report of it? 


Frep H. PuMpHREY 
University of Florida 
Chairman, Committee on 
Excerpts from 
Institutional Reports 


A Kinematics Term Report 


University of Rochester 


A term report in Kinematics is used at 
the University of Rochester to achieve the 
following three-fold objective; first, to re- 
late the study of kinematics to everyday 
experience and to arouse the curiosity of 
each student; second, to develop an ap- 
preciation for the careful design that has 
gone into the many mechanisms he finds 
and uses; and third, to develop the habit 
of a systematic gathering of data to be 
used as the basis for analysis and design. 

In order to obtain the time for this re- 
port, the time needed for other phases of 
instruction were reduced as follows: 


a. Teaching films reduced the time 
needed for lectures. 

b. Laboratory or drafting time was re- 
duced by combining two objectives 
in a single problem. 


This arrangement provided two weeks at 
the end of the course for a term report. 
The class time was used to review the 
course, outline what was wanted in the 
term report, and class discussions that de- 
veloped from the term report. The study 
time (amounting to 8 hours per week) 
was used for writing the report, and the 
laboratory time (amounting to six hours 
per week) was used for the preparation 


of such drawings as were required in the | 


report. 

The students were first advised that 4 
term report would be required at the be- 
ginning of the course. They were advised 
not to make a selection of the project 
until later in the course. At the middle of 
the term, they were required to select 4 
problem (usually a linkage) on which to 
report. 

They were encouraged to visit local in- 
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dustries and discuss kinematics linkage 
problems with them. And finally they 
were given definite instructions for the 
selection of a project, the instructor using 
eare to prevent the student from selecting 
a problem that was either too simple or 
too complicated. 

The report form used is direct. First, 
there is a careful description of the link- 
age, its purpose, and any other pertinent 
material. Second, there is an analysis of 
the motion, with a formulation (if pos- 
sible) of the ideal situation. Then there 
is a comparison of the ideal situation with 


the actual solution. In this portion of the 
report the use of instant centers, motion 
curves, and mathematical relationships are 
included. Some consideration is also 
given to power economy. 

The third portion of the report is a 
conclusion. This states how well the pur- 
pose of the mechanism is accomplished. 
If a comparison between various desirable 
features in the design is involved, the com- 
promise is discussed. 

There is always the possibility that some 
student may stumble onto an improve- 
ment. 


Project Method is Used in Time and Motion Study Course 


University of Rochester 


The class divides itself 
into squads of two for laboratory work 
and each squad works on a project of its 
own choice. Many of these are in no way 
related to any of the othérs but a few each 
term work as a group of squads in an 
assembly line type of accomplishment of 
a task. In the beginning, they make a 
microanalysis of the performance of the 
task with the aid of 16 mm movies and 
sino chart from which they develop a new 
method using the basic principles of mo- 
tion and time study as well as those of 
mechanics, economics, and the other fields. 
We then open up our wood working, ma- 
chine shop, electrical and related facilities 
for them to use as they see fit in demon- 


_ strating their ideas. 


The instructor plays the part of a su- 
pervisor of so many research projects 


_ and interferes only to the extent that a 


good supervisor should. In addition, bull 


sessions of the type that broaden the base 
of the education of the student are pro- 
moted. 

In this way, we 


1. teach motion and time study. 

2. integrate accomplishment in several 
fields. 

3. develop the concept that many prob- 
lems must be solved by industry at 
the same time, in contrast to situ- 
ation where all members of a class 
solve the same problem at the same 
time. 

4, provide an outlet for an engineer’s 

desire to use his hands in a physical 

demonstration of his ideas. 

help the student evaluate the magni- 

tude of a research project. 

6. promote interest in younger men by 
conducting this interesting work 
where all see it frequently.” 


2 


The Final Course* 


Dress Rehearsal for Practice 


By A. BOYAJIAN 


Consulting Engineer 
(General Electric Co., retired) 


The rapid growth of technology, with 
the increasing number of specialties, has 
made many of us sigh with discourage- 
ment in our efforts to keep up with the 
progress of the art. The older engineer 
has dropped, one after another, many 
subjects whose literature he used to scan. 
But schools can not afford to neglect the 
technical progress. The smaller schools 
are seriously handicapped, and while the 
biggest schools can maintain a specialist 
in each subject, adding more specialties 
and offering an increasing number of 
courses each year, yet the student’s 
limited capacity to learn and his inabil- 
ity to forsee into what specialty cireum- 
stances will take him later, constitute 
the real handicap in the big school as well 
as in the little. 

The remedy generally offered for this 
situation is to teach fundamentals—phys- 
ies and mathematics—and let the student 
specialize after he goes into industry. 
This principle is perfectly sound, but a 
good principle needs also a good embodi- 
ment to make it successful. When the 
fundamentals are taught, it would be wise 
to make sure that the student will be able 
to apply those fundamentals. Otherwise, 
the 4-year college attendance may mean 
only the learning of engineering theory 
and not to receiving an engineering train- 
ing. The purpose of this contribution 
therefore is to indicate (a) concrete ob- 
jectives and criteria for this purpose, and 


* Presented at the Annual Meeting of 
ASEE, Educational Methods Division, Uni- 
versity of Florida, June, 1953. 


(b) means to accomplish it: in other 
words, a bridge between theory and prac- 
tice. 


Problems 


Let us look into the problems that the 
average graduate of a 4-year “funda- 
mentals” course faces. 

1. He most likely will welcome en- 
ployment by a large employer. Job 
security is greater with the larger en- 
ployers, and many of them also have 
training courses to fit a person into a 
specialty. 

Over the years, these courses have been 
evolved to fit the technical equipment 
of the average graduate, and so the 
scheme should work pretty well, and m 
the whole it does. And yet our candidate, 
if ambitious at all, is apt to be dissatisfied 
with his education. No matter what the 
group assignment may be, he is likely to 
be eclipsed by one or another associate 
who happens to have had a course in the 
subject. Our man will experience als 
another trouble that will hurt him mud 
more acutely in the employ of a smal 
employer as follows. 

2. The simplest looking problems thal 
arise in practice frequently involve: maly 
specialties, including higher mathematics, 
and while in a large company advice cal 
be had from many specialists, in the smal 
company one generally has to fall baci 
on his own resources. It is general & 
perience that learning a new course by 
self-help is a very difficult thing col 
pared with learning it in school, and ot 
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man is apt to bemoan that he “never had 
a course in that in school, period,” the 
period meaning that that is enough to 
keep him out of that field unless he goes 
back to school or an employer offers him 
acourse. This is a most regrettabie state 
of affairs. The attitude of the “funda- 
mentals” graduate should be this, and he 
should be able to justify it: “I don’t know 
the first thing about that field, but in a 
few weeks I can tackle at least a minor 
project in that field.” How can he have 
such self confidence? By having done it 
in a similar situation before. 

3. Depressions are terrible things for 
those who lose their jobs, and in applying 
for one job after another, our funda- 
mentals man may face a severe competi- 
tion from others who appear better pre- 
pared. Opportunities are not lacking by 
any means during depressions, but in each 
ease our man somehow is not qualified to 
take advantage of them. He is like the 
speculator who sees many bargains in 
stocks but has no money (or credit) to 
buy them. To justify the principle of 
the “fundamentals” system, our graduate 
should be capable of doing a little crea- 
tive planning for himself, and to prepare 
himself to qualify for a profitable ac- 
tivity. 

4, We frequently speak of a “college- 
trained” person. Would the word 
“trained” be quite correct for our man? 
If the college coach does no more than 
give lectures and written examinations to 
the team, is that “training” the team? 
Realistic practice is needed in engineer- 
ing just as much as in sports. Engineer- 
ing practice comes after college, except 
in those schools operated on the Coopera- 
tive Plan, but is it not wise, as the college 
days draw to their close, to make sure 
with some trial exercises that the gradu- 
ate will know how to practice when he 
gets out? 

5. Weak motivation is a handicap in 
education. The average student probably 
does not know into what field . circum- 
stances will force him and what courses 
will do him the most good. So he studies 
the prescribed courses to get his diploma 
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and he may even feel that he can afford 
to forget a number of his courses after 
he graduates. If the life of a college 
graduate depended on mastering analytic 
geometry or first year electronics in two 
weeks by self help, he surely could do it. 
Through intensive study, most any one- 
semester course can be mastered by a 
graduate of average ability in a few 
weeks with far less motivation than that, 
provided that he has had some experience 
in that direction and really needs it for 
a purpose. While still in college, the 
student must learn how to master a new 
subject outside of college. 


Realistic Practice 


In the light of the foregoing comments, 
it may be evident that to make a well- 
rounded graduate of engineering funda- 
mentals, class-room instruction must be 
supplemented in college, under proper 
guidance, by sufficient realistic practice; 
and the entire second semester of the 
last year may well be devoted to this in. 
a systematic program that may be called 
Introduction to Engineering Practice. 
This may comprise, let us say, at least 
four practical projects in different fields, 
each requiring four to six weeks concen- 
trated labor, including the following 
activities. 

1. During the first week or two, the stu- 
dent must study intensively by himself 
(consulting any one he wishes) the theory 
of the field of his project—electronics, 
hydraulics, communication, air-condition- 
ing, illumination, ete. To make this speed 
possible, a project must open with an 
orientation lecture (of probably two 
hours) giving the student an idea of the 
things that the project involves, and a 
carefully selected list of the most helpful 
books and other references to study. The 
student must be carefully protected from 
bibliographies that are burdened with 
heterogenous, irrelevant and unintelligible 
items. Good books are so few, and good 
articles fewer yet. The student’s time 
must be conserved by guiding him to the 
most helpful ones. 
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2. Then comes field surveys or labora- 
tory experiments to secure the data on 
which he will base his decisions. For 
instance, if the project is the design of an 


air-conditioning system for a particular - 


hospital, a survey of that hospital’s needs 
has to be made. (Of course the original 
architect’s drawings will fill most of the 
survey needs in such a case.) 

3. Specifications of the necessary equip- 
ment and installations to do the job. 

4. A cost estimate. 

Items 2, 3 and 4 will be incorporated 
in a report as to a client. Item 1 may 
be made the subject of a written exami- 
nation and carry credit for an introduc- 
tory—one semester—course in that sub- 
ject. 


Factors Toward Success 


The following factors would be of great 
help towards the success of such a course. 

The engineering library must be ade- 
quately equipped with the most helpful 
books in all the fields that are likely to be 
encountered, including the best basic the- 
ory books, the standard handbooks and 
cost books, catalogs, ete. This does not 
necessarily imply a very large library, but 
it does imply a resourceful, competent 
and efficient library service with an up- 
to-date basic collection, and geared to 
promptly buy, borrow or otherwise secure 
what is needed and lacking at the 
moment. 

2. Alumni can be very helpful in the 
shaping up of such a program. (a) 
They can suggest projects, for which per- 
haps they can also offer some facilities; 
(b) make helpful hints on how to go 
about these projects; (c) and serve as 
critics on the final reports. 

It would be desirable that the school 
keep up a list of a dozen or more proj- 
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ects for the students to select from. Such 
a list would mean that (a) the literature 
of the field of the project is reasonably 
well covered in the engineering library, 
(b) eatalogs and other supply informa- 
tion are available, (c) and a real applica- 
tion is available for the project. A proj- 
ect suggested by a student, if reasonable, 
may be given preference. 

3. Non-engineering drudgery, such as 
typing, should be reduced to a minimun, 
resorting to paid help if necessary. All 
padding—characteristic of student theses 
—should be eliminated from these re- 
ports. 

4. Both competition and cooperation 
may be fostered among the students. 
They may cooperate on a survey to save 
time. Also civil engineers may tackle 
one aspect of a project (say the bridge 
part of a lift-bridge), and the electricals 
and mechanicals another (the lift equip- 
ment). After a cooperative survey, the 
students may compete on the practical 
solution of the problem, both cost and 
performance being considered. 

5. Invention is a very appropriate 
project in such a‘course, but it must be 
an elective since it requires special talent. 
If elected, a working model must of 
course be produced. 

A project will have a major subject 
of study but may also have one or more 
secondary subjects for collateral study. 
Invention and development, and some 
other projects too, could be made an op- 
portunity for learning drafting practice, 
without appropriating special time for it. 
Those who do the minimum drafting 
necessary for their project, will have 
learned enough drafting for most pur 
poses, while those who enjoy it and doa 
great deal of it, may be given special 
credit for it. 
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Graduate Program in Engineering at the U. S. 
Naval Ordnance Plant in Indianapolis, Indiana* 


By W. E. HOWLAND, Professor of Sanitary Engineering 


and 


G. A. HAWKINS, Dean of Engineering, Purdue University 


Need for Graduate Instruction in 
Industrial Centers of Indiana 


Purdue University offers formal aca- 
demie engineering instruction to college 
graduates not only on the main campus at 
Lafayette in west central Indiana but also 
at three large urban centers: at Hammond 
in the northwest, at Fort Wayne in the 
northeast and at Indianapolis in the cen- 
tral part of the state. We have long had 
a large engineering undergraduate pro- 
gram going on at these centers but until 
last year the graduate programs consisted 
mainly of isolated courses or pairs of 
courses in specialized subjects of indus- 
trial importance and of refresher courses 
given in preparation for the engineer’s 
training examinations. These courses 
rarely led to a graduate degree. There 
have been a number of requests for a 
formal off-campus master’s level program 
of one sort or another. In Fort Wayne 
the demand centers on electrical engineer- 
ing, especially electronics, but in other 
areas, although the total number of re- 
quests is significant, the numbers in any 
one conventional division of mechanical, 
electrical, civil, chemical engineering, ete., 
have seemed, hitherto, to be too small to 
warrant the setting up of a complete 
program. This appeared to be true at the 
U.S. Naval Ordnance Plant at Indianap- 
dlis which in November, 1950 requested 
that the University offer a curriculum of 

*Presented at the Annual Meeting of the 
American Society for Engineering Educa- 
hon, June, 1953, Gainesville, Florida. 


graduate instruction for their employees. 
Partly for this reason the type of program 
chosen for this, our first off-campus mas- 
ter’s level program, was an integrated one 
—a definite attempt to bring together a 
coordinated group of courses at the gradu- 
ate level that would be of value to me- 
chanical and electrical and even to civil 
and perhaps also to chemical engineers. 


Objectives of the Program 


A more important reason for the inte- 
grated program was, in the eyes of the 
committee, charged with the responsibility 
for formulating the details of the courses 
of the program, that coordination of engi- 
neering knowledge and methods at the 
master’s level is, in itself, worthwhile. 
At the very start of our deliberations we 
wrote as follows: 


It is recognized that some specialization 
is absolutely necessary, no one mind being 
large enough to contain all the facts to say 
nothing of understanding their relations in 
even one field of modern knowledge, like 
engineering. There are those who ascribe 
the great progress of technology to this very 
specialization. But this tendency has reached, 
some feel, a point of diminishing returns 
and the need has now arisen, especially in 
engineering, for more men whose range of 
understanding covers at least the main meth- 
ods of thinking that have been developed in 
the so-called basic engineering sciences. We 
need specialists it is true but we need 
specialists who know enough about their as- 
sociates’ specialties so that they can put 
their questions to them and understand the 
answers and, in general, effectively co- 
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operate with them as teams to solve prac- 
tical problems which are almost certain to 
require the knowledge of many specialists. 
To meet this need, to broaden the scientific 
understanding of the specialists, this par- 


ticular experimental curriculum has been” 


devised. 

And we believe that a specialist so trained 
will not only be better able to cooperate 
with his associates but because he has a 
better understanding of the fundamental 
laws, principles, and tools of engineering 
from learning of their applications in re- 
lated fields he will be able to do a better 
job in his own field. What he misses in de- 
tailed information he will gain in intellec- 
tual range and power.t 


Thus the key word to describe the pur- 
pose of the new curriculum is “integra- 
tion”—the making of a whole out of an 
infinitude of infinitesimal parts. The 
parts are the innumerable facts that the 
student accumulates in the course of his 
reading and schooling, and working; the 
whole is the supporting of those facts on 
the skeleton framework of the funda- 
mental laws and principles of engineer- 
ing science with the vital connective tissue 
of mathematics and then their control 
through a sort of central nervous system 
that we call “mode of analysis.” 

In the courses that we have planned we 
have emphasized the similarities of some 
of the basic phenomena and methods of 
the engineering sciences. We hope to 
teach how a method of computation of 
currents and voltage drops in an electric 
circuit may be used in the evaluation of 
an hydraulic or thermodynamic or even in 
an acoustic circuit and why the solution of 
a differential equation that happens to 
apply to a problem in torsional stress dis- 
tribution also explains the slope of the 
deformed membrane over an opening 
identical in shape to the cross section of 
the shaft, thus forming the basis of an 
experimental technique for stress study, 
—the so-called membrane analogy. When 


+ Graduate Engineering Program at U. S. 
Naval Ordnance Plant, Indianapolis, Indi- 
ana, Report No. 1, History and General Con- 
siderations, by W. E. Howland and G. A. 
Hawkins, pp. 4-5. 
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our students have learned in heat transfer 
how to determine the way the temperature 
changes in a flat plate as it loses heat at 
one central point they may be able im. 
mediately to apply this method of solution 
to the problem of falling water levels in 
the aquifer around a well being pumped. 
In other words, we made a deliberate 
effort to extend the use of our methods of 
analysis to many fields. We have tried to 
sharpen up these methods as tools that 
would cut into many kinds of material. 


Adopted Courses of the Curriculum 


Our present program for accomplishing 
this objective consists of four courses of 
mathematics called “Advanced Engineer- 
ing Mathematies I & II,” covering Rei- 
dick and Miller and part of Churehill’s 
“Operational Methods,” then Applied 
Complex Variables and Vector Analysis, 
Next comes a course in Selection of Mate- 
rials for Engineering Structures, followed 
by Analysis of Deformable and Non- 
Deformable Systems, the Thermodynamie 
Mode of Analysis, Thermal Circuits, Fluid 
Cireuits, Theory of Fields and Cireuits 
(a 9 hour course) and Human Phases of 
an Engineering System. The final inte 
grating course is called Analysis and Syn- 
thesis of Engineering Systems, in whic 
the real practical engineering problem 
that involves many engineering sciences 
will be attacked. 


How the Plan Was Evolved 


A word about the way in which the pla 
was evolved: Dr. K. L. Nielsen, Chairman 
of the Professional Development Commit 
tee of the U. S. Naval Ordnance Plant 
at Indianapolis, initiated the inquiry t 
the University and, with his colleagues 
met oceasionally with the University cot- 
mittee while they were formulating the 
curriculum. This committee appointed by 
Dean A. A. Potter and headed by Dr. & 
A. Hawkins met once each week for ott 
academie year to decide upon the bast 


policies and then to work out the details 
of the plan. Dean L. M. K. Boelte 
served as consultant to the committe 
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The individual members of the committee 
were asked to devote their especial atten- 
tio to the courses which presented the 
material in which they were especially 
trained: to study the subject matter avail- 
able in the textbooks, to consider appro- 
priate methods of presentation, to illus- 
trate these methods before the committee, 
to present the modes of analysis, to out- 
line the course material, both in prelimi- 
nary and in completed form, and as far as 
time permitted, to prepare supplementary 
material needed for instruction, especially 
that which was not already available in 
the textbooks. 

The first thing our committee did was 
to formulate what we called the modes of 
analysis that we employ in our several 
fields of engineering sciences to determine, 
if possible, a general pattern that is com- 
mon to them all. In this venture we were 
successful. The pattern is common to all 
of the fields of engineering and to all of 
the kinds of problems that engineers as 
engineers are expected to solve. And— 
we personally believe—that it applies to 
all fields in which problems can be solved. 

However, we confined our attention to 
the professional phases of engineering 
and deliberately and intentionally omitted 
fringe activities. (In medicine the care 
and cure of the human body is generally 
recognized as the core of the practice of 
medicine rather than financing medical 
care, hospital management, bill collecting, 
or the distribution and sale of medical 
products; ability to cure defines the physi- 
cian, So in engineering, the non-specific 
professional activities, however important, 
should not, we thought, be allowed to ob- 
seure the essential problem-solving nature 
of the practice of this profession.) 


General Discussion of the Courses Studied 


Perhaps the most distinctive features of 
our curriculum is the emphasis it places 
upon the general mode of analysis. This 
is a topic that will be discussed at another 
session of this conference in a paper of 
that title by L. M. K. Boelter and G. A. 
Hawkins; consequently, it may be suffi- 
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cient to state here merely that this most 
effective procedure for using the intellect 
is applicable, we believe—in a slightly 
more generalized form to all types of en- 
gineering problems. Perhaps we should 
say that we believe the general mode of 
analysis is an essential part of what has 
often been called the scientific method and 
that the scientific method so strengthened 
is widely applicable to engineering prob- 
lems. In particular, it provides an effee- 
tive procedure for solving the three types 
of problems that engineers most fre- 
quently encounter: (1) the prediction of 
performance of structures, machines, 
processes, circuits or organizations, (2) 
their design or planning and (3) the 
explanation of observed phenomena as 
encountered in their operation.{ 

The method slightly generalized thus 
helps to find answers to the questions: 
“What will happen?”, “How to make it 
happen?”, and “Why did it happen?” As 
applied to the great area of human values 
it may also help the engineer to decide 
“What should happen?” If so, it would 
help powerfully to integrate the entire 
realm of organized knowledge for effective 
use by the engineer. This glorious but 
distant goal of engineering education our 
committee has not lost sight of and our 
inclusion of a course called “Human 
Phases of an Engineering System” bears 
evidence of our broader aims. 


Results of the Plan of Study 


It is undoubtedly too early to attempt 
an appraisal of the curriculum set forth 
in this paper. The mathematics courses 
have been given to one group of students 
but, beyond these, only two other courses 


t+ Note: A detailed presentation of the 
more generalized method for dealing with all 
three types of problems and the considera- 
tion of the entire engineering curriculum 
as a ‘‘Preparation in Method for Explana- 
tion, Prediction and Design’’ is contained 
in Report No. 2, Development of the Gradu- 
ate Engineering Program at the U. S. Naval 
Ordnance Plant, Indianapolis, Indiana, 7 
W. E. Howland and G. A. Hawkins. 


| 


400 


have been taught: Selection of Materials 
for Engineering Structures, and Analysis 
of Non-Deformable and Deformable Bod- 
ies. 
indications are that the sights of the ecur- 
riculum makers were set a little too high 
(nearer the doctor’s than the master’s 
level) —that the mathematical ability and 
interest in the abstract phases of engineer- 
ing analysis of the older engineering 
graduates at work in industry are no 
higher and are perhaps somewhat lower 
than of the younger graduate students 
we encounter on the campus. Conse- 
quently, it is probable that modification 
will be made in the original course out- 
lines in the direction of simplification and 
rearrangement of the material of the 
mathematical courses (1) to give greater 
emphasis to those topics that are essential 
to the methods employed for the solution 
of problems in other courses, and (2) to 
postpone some of the instruction in mathe- 
matics to a later time in the program, thus 
effecting a closer integration of subject 
matter, in line with the stated objectives 
of the curriculum. It is possible that the 
superior understanding of the physical 
phenomena by these more mature stu- 
dents will permit a greater elaboration 
and enrichment of the instruction in the 


From teaching the latter course the. 
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nature of the phenomena than had orig. 
inally been thought possible. The pro. 
gram will still be definitely of a master’s 
level or a little higher. 

In any ease it is almost certain that 
modifieations should and will be made, 
Good eurricula like good laws cannot be 
merely enacted—they must grow! 


Conclusion 


This curriculum follows what appears 
to be a modern trend of “integration” 
which has manifested itself in the whole 
field of education as well as in engineering 
education. But in a real sense we are 
pioneering. We are proposing to aban- 
don conventional subject matter bound- 
aries, to reshuffle the deck of engineering 
facts in a new way and to play the game 
according to somewhat different rules. 
Instead of constructing a master’s degree 
program so as to proceed further into a 
particular specialty from the base of 
previous training, we are proposing to 
broaden and to strengthen the foundation 
itself. Thus, we hope to help our students 
erect a deeper and stronger structure of 
knowledge on which eventually an even 
higher and certainly a stronger one wil 
be erected than would otherwise be po 
sible. 


University of Illinois 
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Physics for the Civil Engineer * 


By N. W. DOUGHERTY 


Dean of Engineering, The University of Tennessee 


Introductory 

There has been little change in the be- 
ginning course in physics during the last 
forty years. This may be good or it may 
be bad, depending upon the possible ad- 
ditions of new subject matter in the field 
of physics and changes in other, and 
parallel, courses in engineering. Statics, 
dynamics, heat, light, sound and the ele- 
ments of electricity were the major topics 
studied during the first decade of the 
century, and these same topics are being 
taught in about the same way at the 
present time. Laboratory equipment is 
usually better, textbooks contain more il- 
lustrations, but, because of the number of 
students and the elementary nature of the 
subject, the teachers of engineers are not 
always the most experienced and best pre- 
pared staff members of the department. 

If the philosophy of physics remains 
the same, and if engineers need to study 
the same subject matter as they did forty 
years ago, there is good reason for little 
change. Most of the subject matter in the 
beginning course was developed long be- 
fore 1900. Sound, heat, light and elec- 
tricity have passed beyond the elementary 
stage and have already reached maturity 
enough for the physicists to think of them 
as advanced physics. Teachers in engi- 
neering have developed volumes on me- 
chanies, fluid mechanics, thermodynamics 
and elements of electricity; these works 
should have completely changed the pic- 
ture in physics, but little change has come 


about. 


*Presented at the Annual Meeting of 
ASEE, Physics Division, University of 
Florida, June, 1953. 
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Parallel Growth of Civil Engineering 

Civil engineering programs, during the 
last one hundred years, have depended 
upon physies to give instruction in staties, 
dynamics, heat, light, sound and elements 
of electricity. This was especially true 
during the second fifty years of the last 
century. Indeed, there was a comradeship 
of the civil engineer and the physicist as 
they battled for a place in the college 
curriculum; they jointly pushed out lan- 
guages, literature, philosophy, religion 
and a resistance to science and technol- 
ogy, and put a certain amount of utility 
into college curricula. Physics, chemistry, 
the biological sciences and technology 
changed the attitude of educators toward 
college education. 

During the early development of civil 
engineering, and all engineering, for that 
matter, the courses were descriptive. They 
described methods of doing things, how to 
build machines, structures, railroads and 
factories and spent little time on the 
theory behind the building. Physies fur- 
nished the theory they needed. Mahan’s 
“Civil Engineering,” first published in 
1846, was continued as a text for fifty 
years. Even in his chapters on structures 
and bridges, he does not give a single cal- 
culation of stresses in the members. He 
describes tests of models, and gives meth- 
ods of selecting compression and tension 
members, but he does not introduce the 
elements of mechanics. If the student 
studying civil engineering during this pe- 
riod, needed a knowledge of mechanics 
he had to depend upon his physies for that 
knowledge. 

The “Municipal and Sanitary Engi- 
neers’ Handbook,” by Bulnois, the third 
edition of which was published in 1898, 
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gives descriptions of the construction of 
roads, streets, sewers and buildings, but 
does not use any mechanics for sizes or 
thicknesses or any hydraulics for sizes of 
pipes or sewers. 
needed any mechanics of solids or fluids, 
he had to depend upon his course in 
physies. 

Loads were increased, new materials 
were introduced; sizes must be computed 
rather than determined by rule of thumb. 
The civil engineer needed more knowledge 
of mechanics and fluid flow than he was 
getting in the physics courses; conse- 
quently, he wrote his own books in these 
fields. New materials, new methods of 
construction and economy measures caused 
him to develop the mechanies of elasticity 
in order that he might build rigid frames, 
continuous bridges, skyscrapers, concrete 
structures and pavements. Elementary 
physies no longer served his needs; yet he 
continued it in his educational program 
with the knowledge that he would repeat 
practically all the subject matter in stat- 
ies, dynamics, and fluid flow, and that he 
would ask the mechanicals to teach heat 
in a course in thermodynamics, and he 
would ask the electricals to teach the ele- 
ments of electricity. He needed more 
theory in all these areas than he was get- 
ting in elementary physics. 

By this time, other engineering depart- 
ments were looking at physics with a 
critical eye. Either they were expecting 
too much, and not allowing enough time, 
or the physics department was out of step 
with the needs of engineering. 

During the last twelve years, we have 
made two major studies of the courses in 
physies required of all engineering stu- 
dents. Each time the committee has been 
made up of representatives of the engi- 
neering departments and members of the 
physies staff. They come back with a 
majority and a minority report. Engi- 


neering faculty members suggest fewer 
topics and more time on each topic; the 
physies teachers ask for more time to 
teach all the topics well. It seems obvious 
that a major operation is needed to solve 
the problem. 


Again, if the student 
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Major Criticisms 
Out of the two studies, and from con. 
versations with engineering faculty mem. 
bers it appears that there are at least two 
major criticisms: 


1. There is an effort to cover too many 
topics—too much subject matter, and 

2. The approach is not in the attitude 
and spirit of the engineer 


To say that there is an effort to cover too 
much subject matter is but to state a fact 
on which all will agree, but the same may 
be said of all the engineering courses, 
One of the greatest faults of engineering 
programs of today is the effort to cover 
too much subject matter. Teachers are 
assigning so many pages that they have 
forgotten that the objective of college is 
learning and not intellectual drudgery. 


During the last three hundred years, | 


physicists have developed so much inter- 
esting and useful material that they can 
spend four years on a major as prepari- 
tion for graduate work. Obviously, their 
review of the field for engineers cannot 
be very deep. Let us forget about trying 
to cover the field and try to develop a 
ability in the student to work under his 
own steam. If he ever discovers how to 
learn, he will be able to acquire know! 
edge, as needed, during a career of usefil 
work. Few of those who are advancing 
knowledge today learned all they needei 
to know while they were in college. 

That the physicist’s approach is not that 
of the engineer does not worry me to 
much, provided students get the approac 
of the physicist. If the courses must bt 
likened to the circus, where the spectator 
views the topics and may not recogniz 
them the next time he sees them, there i 
as Governor Dewey put it, “time for! 
change.” Engineering faculty member 
do not help the physics department by 
telling their students they have had thi 
in physics, but will have to learn it ove 
again. There may be questions of unit 
and lists of names; there may be a the 
oretical and a practical approach, but the 
real problem has not been touched. 
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Suggested Solution opened up new lands and new vistas. No 
We are all fighting for time. Each one has felt that these pioneers are the 
decade, yes, each year, brings new ideas to ly persons who know how to occupy the 
develop and new techniques to master. land after it has been opened up. An- 
We do not have enough time to teach Other kind of pioneer has followed the 
everything. We add a new topie, but do trails, has consolidated the gains, built 
not take anything out; we must find an UP the cities, the industries and the uni- 
answer to an impossible situation. The Versities. 


answer is not five or six year programs, The pioneers in mechanics, heat, light 
but more efficient use of the time in four nd electricity were usually physicists, 
years. though recent developments in these fields 


Why duplicate the teaching of statics, have been by engineers and in engineering 
dynamics, fluid mechanics, heat and elec- laboratories. Traditionally, we have asked 
tricity? The physics course will not give the people in physies to give the beginning 
enough instruction in these topics, and the instruction, largely because their ancestry 
engineers will do it over again. Let the developed the materials. Now that engi- 
engineers take the topies over and teach neers have also entered the fields of me- 
them as they please. Give the physics de- chanics, hydraulics, heat and electricity, 
partment at least as much time as it now and are making contributions to these 


has and ask it to teach something the fields, there is no good reason why they 


faculty members know and wish to teach. should not occupy the land. 
Their research is not in the fields just 
named; they are out on the borderline of Conclusions 
knowledge, looking for new things rather We have pointed to the parallel growth 
than poring over things their grandfathers of civil engineering teaching and physics 
knew. New applications of the laws of teaching; we have mentioned the early de- 
physies are constantly in the making; en- pendence of civil engineers on physics for 
gineers have this task; consequently, they the scientific approach. The interests of 
are doing research in methods, in new ap- teachers of physics have turned from me- 
plications and new statements of old laws. ehanies and hydraulics to modern physies 
Let them teach the things they know. and nucleonics; engineers have taken up 
Engineers need to know more about the baton of mechanics and fluid mechan- 
light, sound and nucleonies. Immediately jes and are adding to methods and tech- 
we hear that nucleonics cannot be taught niques. Let us drop mechanics, fluid flow, 
as a beginning course. This may be true, heat and electricity from the physics pro- 
but who is suggesting it as a beginning gram and place the responsibility for these 
course? If the time devoted to physics  sybjects on the engineers. 
were delayed a semester, the engineering With the time now devoted to elemen- 
student will have more mathematics than tary physics, the physics department could 
for the present course, and he will have ive better courses in light and sound and 
had more statics, dynamics and fluid me- qq an elementary course in the field of 
chanies than the physies major, who does their greatest interest, nucleonics. In- 
take courses in nucleonics. Indeed, it is stead of trying to oceupy the land they 
possible the discovered many years ago, they will turn 
a ee it over to the developers and builders, and 
pared for advanced physics than they are : : 
search out new lands which succeeding 


now. They are lost in a wilderness of : ) 
many things. generations will oceupy and develop. 


This country has been fortunate in its Civil engineers will be benefitted by the 
pioneers, Wherever there were barriers change and the physics instructor will be 
to expansion or progress there have been relieved of a task which is very difficult, 
pioneers who surmounted the barriers and __if not impossible, to perform. , 


| 


Books on Mathematics for Engineers and 
Physicists. How Can They Be Improved? 


By A. F. PUCHSTEIN 
Jeffrey Manufacturing Company, Columbus, Ohio 


Those who use books of this type must 
be impressed by the differences between 
them and their inadequacies. The labor 
required to use them is out of proportion 
to the difficulty of the material. This is 
due more to the way in which it is pre- 
sented than to deficiencies in mental 
equipment. A preferable arrangement 
undoubtedly exists and should be ex- 
plored. But here attention will be di- 
rected more to the method of treatment 
than to topics that should be included. 
The latter would be selected from those 
available. These could be arranged in 
some orderly sequence by subjects, order 
of difficulty, or settled by a conference. 

These books are generally written in 
the language and style of the mathema- 
tician. They usually assume that the user 
can read the text at sight, that he knows 
the exact meaning of all terms, symbols, 
and expressions; and that he can apply 
them without further direction. Rarely 
do they give tables of symbols or defi- 
nitions. Sometimes no index is given. 
Often cross-references are few. There is 
little attempt at standardization. Fre- 
quently the text is closely printed in long 
paragraphs with makeup and topography 
such that the material must be read to 
identify it. The procedure in going from 
step to the next is not always given. 
Little use is made of the artist, drafts- 
man, illustrator, or language expert. 

Some books give the mathematics only, 
with and without examples. Some add 
examples from applied science or engi- 
neering. Some are prevailingly treatises 
on engineering or physics with the mathe- 


matics woven in. Some keep the mathe. 
maties and engineering separate while 
others do not. Frequently, different prac. 
tices are found in the same book. 

It seems best to keep mathematics and 
applications clean cut and separate., that 
is, to follow up the mathematics with ex- 
amples of the applications placed in 
separate paragraphs or even in other see- 
tions of the book, and not to intermingle 
them in the same lines. Of course, sine 
many of these processes are the result of 
trying to solve some physical problem, 
there exist cases where it is better to state 
the problem and then to outline the mathe. 
matics used in solving it. It would mt 
hurt even to outline some problems for 
whose solution no mathematics are avail 
able. 


Poorly Illustrated 


Most books are not well illustrated no 
are they always written so that the ideas 
principles, operations and _ procedure 
stand out. The understanding and ap 
plication of many theorems and formuls 
could be made more clear by numeried.| 
analytical or physical examples. To pre} 
ceed from the particular to the gener] 
is often easier to understand than is th 
reverse. Much greater use could be mate 
of line and perspective drawings, sections 
phantom views, half-tones, photographs 
colors and pictures of models. Simpl 


notations are to be preferred. 

Too many proofs in the working part 
of the text tend to obscure the substant 
and so are best given at the end of! 
chapter, book, separate volume, or left 
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a reference. Also, instead of formal ab- 
stract proofs, it is often better to use the 
more easily understood numerical proofs. 
It is a question whether in books of this 
character proofs need be given at all. At 
work, it is essential to know only taat the 
material is correct, on what assumptions 
it is based, what operations are permissi- 
ble, conditions under which they fail, re- 
strictions that must be observed, correct 
interpretations, what applications it is 
good for, and how to use it. Anything 
else usually is wasteful and unnecessary 
and can be looked up in more formal 
works. 

In spite of brilliant exceptions, the ap- 
plied mathematician is less often in posi- 
tion to do his own mathematical research. 
The conditions under which he works 
ordinarily are not favorable for leisurely 
reading, contemplation or this kind of 
research. He is hampered by noise, pres- 
sure, lack of privacy, rustiness, inadequate 
library (this often confuses rather than 
helps), preoccupation with physical de- 
tails, and other work. Accordingly, his 
needs are best served if the material is set 
up so that the salient features can 
be overseen quickly, precisely, and com- 
pletely, with as few words as possible. 
The emphasis, therefore, should be more 
on manipulation, procedure, and methods 
of solution than on derivations, proofs, 
or philosophy involved, .although these 
have their place if presented briefly. 

In the case of differential equations, 
expressions from vector analysis, ete., it 
is important to state what each term (or 
even the whole expression) means physi- 
cally in different fields of application. It 
would be a great help to have a tabula- 
tion of the different ordinary and partial 
derivatives, with that they mean in differ- 
ent sciences. Likewise, it would be use- 
ful to tabulate the more important dif- 
ferential equations (ordinary and par- 
tial) used in science and engineering, with 
interpretations and an outline of the 
methods of solution available, together 
with some examples of the solutions ob- 
tained. Sometimes it is instructive to 
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indicate the mathematical solutions. that 
result when boundary conditions are 
ignored. 

Most students have difficulty with the 
meaning and application of certain con- 
cepts. It would help such people greatly 
to give numerical and other examples 
from mathematics, science, physics and 
engineering, or their subdivisions, as 
mechanics, hydraulics, fluid flow, heat, 
elasticity, sound, electricity and magnet- 
ism, ete. 

To obtain a result when exact solutions 
are unwieldy or cannot be obtained, a 
section should be devoted to the best ap- 
proximation methods available for ob- 
taining solutions graphically or numeri- 
cally. This would include algebraic and 
transcendental equations, derivatives, defi- 
nite and indefinite integrals, ordinary and 
partial differential equations, caleulus of 
variations (as the Rayleigh or Ritz 
Method), integral equations, matrices, ete. 

In these days, it would be helpful to 
list also some of the special slide rules, 
machine methods, and large-scale com- 
putors, with some indication of their 
capabilities and limitations for computa- 
tion and industrial applications. 


Summary 


To prepare a work of the kind en- 
visaged here will not be easy. The mark 
to shoot at is not too definite. The need 
is different for differt people and changes 
with time. To get it out at a popular 
price will be something of a problem. 
But a suitable 1, 2 or 3 volume work 
would save many times its cost. Anyway, 
it is clear that some important bets have 
been overlooked and that such works can 
be made more useful for instruction, re- 
view, or reference if the problem is studied 
by a competent group and the work 
tailored to fit more nearly the job to 
be done. Such works are not for the 
novice, but still they must be addressed 
to those who are something less than ac- 
complished mathematicians. The possi- 
bilities of using more common everyday 
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language have scarcely been explored. 
Of course, it is not always possible or 
desirable to get away completely from the 
conventional mathematical terms, lan- 
guage or treatment. 
ble to give some examples to show how 
certain topics were presented and how 
they should be presented. But this is 
impractical in a paper of this length. 
An example of the treatment proposed 


It would be desira- - 


BOOKS ON MATHEMATICS FOR ENGINEERS AND PHYSICISTS 


here might be the section on Mathematics, 
pages 2-02 to 2-48 of Eshbach’s “Hand- 
book of Engineering Fundamentals.” See 
particularly pages 2-13 to 2-23. It is 
imperative to make such texts less a 
puzzle, more standardized, and a better 
vehicle for transmitting the information, 
It is hoped that future writers and pub- 
lishers will recognize the problem and 
make a group attack upon it. 


University of Illinois 


ANNUAL MEETING 
June 14-18, 1954 


Urbana, Illinois 
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meer The Value of Exaust Gas Analysis 
lem and 
By JAMES L. EDWARDS 


Associate Professor, Mechanical Engineering, Clemson Agricultural College 


In conducting experiments on exhaust This surplus of oxygen causes the com- 
gas analysis, the writer has noticed that plete liberation of the chemical energy 
many students concentrate so on master-_ in the fuel (assuming proper mixing) but 
ing the physical manipulation of the represents an excessive heat loss out of 
=i Orsat that they either fail to grasp, or _ the stack as the excess air has to be heated 
minimize, the real significance of gas through the same temperature range as 
analysis. Clouded in their thinking, or do the normal products of the combus- 
even pushed out of the picture, is an ap-_ tion. Also, this extra supply of air fur- 
preciation of the fact that exhaust gases nished represents a larger volume to be 
can, and do, tell a story of the type handled by the fans and ductwork which 
combustion from which they resulted. in turn entails larger installed capacity 
Sometimes completely overlooked is the and greater expense. Obviously then, 
knowledge of why the CO, content alone combustion with the theoretical amount of 
in an exhaust gas resulting from the com- air is desired (provided mixing is com- 
bustion of fuel and oxygen is indicative plete) as it represents both the complete 
of the conditions surrounding this chem- liberation of chemical energy and a low 
ical reaction. To emphasize the need and _ stack gas loss. 
the value of knowing the composition of With this fact firmly established the 
an exhaust gas, the writer has found the writer then has each student write the 
following approach helpful. equations for the combustion of a single 

First, point out to the students that a hydrocarbon such as propane, C,H,, for 
deficient supply of air results in an in- example. with theoretical air and with 
sufficient number of oxygen molecules for 80% and 120% theoretical air. The fol- 
the complete liberation of the chemical lowing equations result: 


(a) Stoichiometric : C,H, +50, +18.9N,->3C0,+4H,0 + 18.9 N, 
(b) 80% : C,H, +40, +15.12N, — Co, "4200, +4H, 0 415.12N, 
(e) 120% : C,H, +60, "+ 22.7 N, +0, +4H,0 + 22.7 N, 


energy stored within the molecules of A study of the exhaust products reveals 
arbon, hydrogen, and possibly sulfur, that for theoretical combustion there re- 
the fuel. An incomplete liberation of sults 3 mols of CO,. Since there are 25.9 
mergy means an economic loss and thus mols of products formed, there is then a 
wasteful in terms of dollars and cents percentage by volume of CO, in the 


because something has been paid for : 
hich is not being fully utilized. Second, products equal to 3/25.9 or 11.6%. Sim- 


all attention to the fact that an excess iar analysis for the remaining two equa- 
upply of air results in a greater than tions shows that for combustion with 80% 
ecessary quantity of oxygen molecules. theoretical air, the per cent CO, in the 
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exhaust products is 4.52% whereas with This approach to the problem usually 
120% theoretical air it is 9.78%. These convinces a student of the value of ex. 
figures establish the fact that the highest haust gas analysis in general, and of the 
per cent CO, is obtained when the correct importance of determining the per cent 
quantity of air is supplied for the fuel. CO, in the products in particular. 


Reprints Available... 


Reprints of the “Code of Ethies of Interviewing Procedures 
can be obtained from the Secretary’s Office for 15¢ each or $8.00 
per hundred. 

Also available are copies of the “Manual of Graduate Study.” 
The price is 50¢ per copy. 

The “Report of the Committee on the Improvement of Teach- 
ing” is available for 15¢ each or $8.00 per hundred. 


All orders should be accompanied by a check or money order. 
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_ the Reserves. 


Minutes of Executive Board, New York City, 
N. Y., January 18, 1954 


A meeting of the Executive Board of the 
American Society for Engineering Educa- 
tion was held on Monday, January 18, 1954, 
at the Statler Hotel, New York City, New 
York. Those present were: L. E. Grinter, 
President; W. L. Everitt, B. R. Teare, Jr., 
E. A. Walker, W. C. White, Vice Presidents ; 
G. W. Farnham, Treasurer; A. B. Bronwell, 
Secretary. 


Report of Secretary 


The Secretary reported as follows: 

1. The UPADI Convention for 1954 will 
be held in Sao Paulo, Brazil, August 2-13, 
1954. The ASEE has been asked to appoint 
one representative. Action was deferred 
pending more information as to who would 
attend the Conference. 

2. The EJC has achieved substantial agree- 
ment with the National Science Foundation 
on the method of handling the National 
Scientific Register of Engineers. Instead of 
attempting to keep an up-to-date list of all 
outstanding engineers, it has been decided 
that there shall be a finder list, consisting 
of approximately 5,000 names of people 
engineers. This finder list can then be used 
to locate needed personnel in any special- 
ized branch of engineering on short order 
if an emergency should arise. 

3. Who’s Who in Engineering will be 
available in February, 1954. 

4. At the Engineering Manpower Commis- 
sion it was brought out that UMT is shelved 
for this Session of Congress at the request 
of the President, pending reorganization of 
The Reserve reorganization 
plan calls for setting up an immediately 
available reserve corps with a high degree 
of training which could be called on short 
notice in the event of a national emergency. 
This will be backed up with secondary re- 
serves which would be selectively called in 
such a manner as not to cripple industry. 

_ 5. It has been pointed out that draftees 
in the Armed Forces can be recalled back to 
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civilian service three months ahead of their 
normal termination date if they have a con- 
tract for services. This feature might be 
helpful to engineering colleges which are 
hiring personnel for either research or fac- 
ulty positions. 


Report of Treasurer 


1. The financial report for the second 
quarter was presented and accepted. It 
was estimated that the income and expenses 
projected ahead to the end of the year would 
come close to the budgeted figures, except 
for Institutional Dues which are approxi- 
mately $1300 over the budgeted amount. 

2. The Board voted to transfer the Life 
Membership fund to the general fund of 
the Society and to discontinue the practice 
of transferring $25 annually from the gen- 
eral fund of the Society to Life Member- 
ship. 

3. The Secretary stated that the work of 
the Headquarters office staff is becoming 
very heavy and will continue to grow with 
the planning of the Annual Meeting super- 
imposed upon the normal business. The Ex- 
ecutive Board voted an additional $500 for 
office secretarial help. 

4. The Secretary reported that he had 
been asked to take on the Chairmanship of 
the EJC Committee on Secretaries. This 
Committee shapes up a number of the pro- 
grams of Engineers Joint Council and there- 
fore is a rather influencial Committee. Since 
this is a non-recurrent item, the Executive 
Board voted to authorize $500 additional 
travel to be charged to the Special Projects 
Reserve. 

5. The Executive Board voted to charge 
the $250 travel expense of the Sub-Commit- 
tee on Physics against a special projects 
reserve. 


Request of Trade Associations for Article 


A request of the American Trade Associ- 
ation Executives for an article dealing with 
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how Trade Associations can assist engineer- 
ing education was referred to the ECRC. 


Educational Television 


The program of the American Council on 
Edueation for the expansion of educational 
television was reviewed. It was suggested 
that the ASEE appoint a representative to 
the American Council’s Committee. Vice 
President W. C. White will write to Dean 
Sweigert, Chairman of the Educational 
Methods Division for his recommendations. 


International Relations (ECAC) 


Vice President Everitt stated that the 
Committee on International Relations is 
studying the possibility of getting indus- 
trial aeceptance of the principle of hiring 
foreign students so that these students can 
gain experience in American Industry. If 
the National Association of Manufacturers 
could be persuaded to recommend this to 
its constituents, this might help to break 
down the barriers of industry opposition to 
the hiring of foreign students. The Secre- 
tary reviewed previous correspondence re- 
lating to a proposal by Dr. Newby of the 
Imperial College of London and Professor 
Arthur Tichenor of Purdue University to 
bring students from England to the United 
States for industrial experience. 


Annual Meeting 


The program for the General Sessions and 
principal events at the Annual Meeting was 
outlined as follows: 

On Monday afternoon there will be a 
Session entitled Reports of ASEE Commit- 
tees. This will include reports of the Hu- 
manistie-Social Division, Committee on 
Ethies, Engineering Manpower Committee, 
Salary Survey of ECAC (if completed by 
that time) and the Summer Institute Pro- 
gram. The General Session on Tuesday 
morning will be scheduled for 9:00 A.M. 
and will include the election of officers and 
addresses by President Morey (University 
of Illinois) and President Grinter. There 
will then be a 1% hour panel discus- 
sion of the final report of the Committee on 
Evaluation of Engineering Education The 
ECRC General Session on Wednesday morn- 
ing will have 3 or 4 speakers who have 
made distinctive creative contributions, dis- 
cussing the problems of creative thought. 


The Thursday morning General Session will 
be a joint Session of the ECAC, Educational 
Methods Division, Committee on Recognition 
and Incentives for Good Teaching, ani 
YET dealing with the subject of recogni- 
tion and incentives for good teaching. 
General Council members and wives wil! 
be guests of President Morey at a dinner 
meeting on Monday evening. The Council 
will also hold a breakfast meeting on Fri- 
day morning. 
The ECRC and ECAC will have a joint 
dinner meeting on Tuesday evening to com- 
memorate the founding of the first Engi- 
neering Experiment Stations at the Univer. 
sity of Illinois and Iowa State College. 
There will be a President’s tea and re- 
ception at 8:30 P.M. Tuesday. The General 
Entertainment will consist of a play on 
Wednesday evening. The Annual Banquet 


will be on Thursday evening. President | 


Keith Glennan of Case Institute has con- 
sented to speak. 


There will be a breakfast meeting of the | 


Chairmen of Sections and Branches Wednes- 
day morning and a breakfast meeting of 
Chairmen of Divisions and Committees on 
Thursday morning. It was suggested that 
these be cafeteria breakfasts in order to 
speed up service. 

The Executive Board voted to accept the 
budget proposed by the University of 
Illinois and allow a registration fee of 
$4.00 per member. 


Humanistic-Social Project 


The grant of $30,000 to ASEE by th 
Carnegie Corporation was announced. Tie 


Executive Board recommended that a) 


agreement with North Carolina State (0 


lege be negotiated for Professor Gullette’ | Coopera 


services from January 1, 1954, to Septembe 


1, 1954. It was suggested that the projet} 


might best be handled by a Steering Cor 
mittee of five to seven people and an Ai 
visory Board which would meet less ft 
quently, consisting of fifteen to twenty out 
standing authorities. Vice President Whit 
will arrange for a meeting with Dr. Gullett 
and Dr. Olmsted. 


Evaluation of Engineering Education 


President Grinter stated that the Gener 
Electric Company had offered to contribut 
$10,000 to the Society for the Evaluatit 
of Engineering Education project. 
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next meeting of the Evaluation Committee 
will be in Atlanta, Georgia on February 18- 
20. Sub-Committees will be appointed at 
that time to prepare a draft of the final 
report. 


By-Law Amendment 


The Amendment to By-Law IV relating 
to dues of individual members was unani- 
mously approved by the Executive Board. 
The Amendment will be submitted to the 
General Council for vote about February 1 
and to the Society membership for vote in 
April. A Teller’s Committee consisting of 
Dean Owens, Dean Treise, and Professor 
Obert was recommended. 


Printing Costs 


Mr. Farnham presented estimates on costs 
of printing the Journal of Engineering Edu- 
cation using the off-set process. These 
showed no savings on printing of the 
monthly issues, but a possible saving of ap- 
proximately $1900 on the Yearbook after 
the first year. Mr. Farnham will clear up 
several matters relating to these estimates. 


Summer Institute Program 


The Secretary reported that the National 
Science Foundation had approved the pro- 
posals for the two Summer Institute pro- 
grams. (Information regarding these con- 
ferences is given elsewhere in this issue of 
the JOURNAL. ) 

The Executive Board discussed future 
programs for the Summer Institute Confer- 
ence. Suggestions included conferences on 
combustion, fluid mechanics, thermody- 
namies, and graduate study. 


Cooperative Research Foundation 


A request by the Cooperative Research 
Foundation for funds to prepare a directory 
of Engineers and Scientists for use of 
foreign visitors was rejected. 


Social Security for Secretarial Staff 


The Secretary pointed out that the So- 
ciety does no provide Hospitalization nor 
Social Security for the secretarial staff. 
This affects only one of the office secretaries, 
since the other two have such benefits in 
connection with their husbands’ employ- 
ment. The Executive Board suggested that 
the Secretary inquire about possible ways 
of getting Social Security benefits for the 
other Secretary. 


Application for Institutional Membership 


The Executive Board voted to grant active 
institutional membership to the University 
of Dayton and Associate Institutional mem- 
bership to International Resistance Com- 
pany and the America Machine and Foundry 
Company. 


Exchange of Publications with UPADI 


A request of EJC that the Engineering 
Societies consider exchange of technical pub- 
lieations with Latin American Countries was 
discussed. It was recommended that the 
Society review its present list of free dis- 
tribution of the JouRNAL and revise this to 
inelude institutions which will make the 
JOURNAL available to the largest number of 
people in foreign countries. 


Next Executive Board Meeting 

The Executive Board voted to hold its 
next meeting at Rolla, Missouri on April 9. 
Transportation will leave St. Louis at 8:00 
A.M. in order that the meeting start at 
9:30 A.M. This meeting will be held in con- 
junction with the meeting of the Missouri- 
Arkansas Section. 


Respectfully submitted, 
ARTHUR BRONWELL, 
Secretary 


Teaching Positions Available 


The following rules were adopted by the General Council of the ASEE: 


The privilege of advertising for teaching positions is extended only to colleges and 
technical institutes which are either Active or Affiliate Institutional Members of the 
ASEE. Advertisements must be for positions available only. No advertisements will 
be accepted for an individual seeking a job. 

Advertisements must be submitted not later than the first day of the month pre. 
ceding the month of issue. Because of limited staff, the ASEE headquarters cannot 
maintain personnel files or supply detailed information about jobs. In replying to 
blind ads, address letters to American Society for Engineering Education, Northwestem 
University, Evanston, Illinois and give blind ad number. Information and rates for 
advertising in the Journal can be received by writing ASEE Headquarters. In order 
to conserve space and achieve uniformity, the privilege is reserved to rearrange ad- 


vertisements. 


PROFESSOR OF PHYSICAL METAL- INSTRUCTOR IN ELECTRICAL ENGI- 


lurgy—experienced in research direction and neering. Man who is familiar with electric 
graduate instruction. Ph.D. or equivalent, POWer engineering and also who has some 


to head educational option in physical metal- knowledge of electronics, preferably on 
with some industrial experience. For the 


lurgy and direct thesis and contract re- : ye 

: f right man, permanent position and advance. 
search. Excellent opportunity for expan-  jront. MR-3. 
sion in an outstanding center in the Middle 


Atlantic region. MR-1. (1) ENGINEERING DRAWING 


Teacher-Drawing, descrip. geom., machine 
INSTRUCTOR IN ELECTRICAL ENGI- design. (2) Production Processes Teacher 
neering for September, 1954, to teach under- Machining, welding, casting, metallurgy. 


© (3) Construction Engineering Teacher-Su- 
veying, str. of metls., constr. pract. 


nity from graduate olectronies degree plus industrial experience. Excellent 
control. Apply ” Chairman, Division of opportunities in young dept. for instructor 
Engineering, University of Rochester, Roch- or assistant professor. New bldg. ani 


ester 3, New York. equipt. Good salary scale. San Jose State | 


College, San Jose, Calif. 
INSTRUCTOR IN CHEMISTRY (ENGI- 
neering Field) to take charge and build up 
department in an Eastern Technical School; 


some industrial experience, who desires to tion, retirement, insurance, and tenure plaus. 
teach and has leadership ability. Opportu- Apply to Terminal Study Dept., General Ex 
nity for research. MR-2. tension Bldg., State College, Pa. 
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Section 


Allegheny 


Illinois-Indiana 


*Kansas-Nebraska 
Michigan 
Middle Atlantic 
Missouri-Arkansas 


National Capital Area. 


New England 


North Midwest 


Ohio 

Pacifie Northwest 
Pacifie Southwest 
Rocky Mountain 
Southeast 


Southwest 


“Upper New York 


Section Meetings 


Location of Meeting 


University of 
Pittsburgh 


Illinois Institute of 
Technology 


University of 
Nebraska 


University of Michigan 
Lafayette College 


Missouri School of 
Mines 


Catholic University 


Massachusets Insti- 
tute of Technology 


Michigan College 
of M. and T. 
Ohio State University 
Oregon State College 
California Institute 
of Technology 
University of Utah 
North Carolina State 


College 
University of Texas 


Cornell University 


April 10, 1954 


Oct. 8-9, 1954 


Chairman of Section 


W. I. Short, 
University of Pitts- 
burgh 

R. G. Owens, 

Illinois Institute of 
Technology 

M. H. Barnard, 

University of Nebraska 

F. L. Schwartz 

University of Michigan 

H. M. Jenkins, 

Swarthmore College 

V. J. Blum, 

St. Louis University 

C. H. Walther, 

George Washington 
University 

E. R. McKee, 

University of Vermont 

C. J. Pratt, 

Michigan College 
of M. and T. 

R. S. Paffenbarger, 

Ohio State University 

L. Slegel, 

Oregon State College 

B. M. Green, 

Stanford University 

A. Diefendorf, 

University of Utah 

J. R. Cudworth, 

University of Alabama 

J. J. Heimerich, 

University of New 
Mexico 

N. A. Christensen, 

Cornell University 


Members of the Society are welcome at all Section Meetings 


*No Date Set. 
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7 May 1, 1954 
May 15, 1954 
May 8, 1954 
| May 8, 1954 
May 8, 1954 
May 1, 1954 
April 23-24, 
1954 
Dee. 28-29, 
1954 
May 14-15, 
1954 
Mareh 25-27, 
1954 : 
April 16-17, 
1954 
October, 1954 


New Members 


ARCHER, Davip H., Assistant Professor of 
Chemical Engineering, Carnegie Institute 
of Technology, Pittsburgh, Penna. C. C. 
Monrad, Lawrence N. Canjar. 

BAKER, Davip Fuoyp, Instructor in Indus- 
trial Engineering, Ohio State University, 
Columbus, Ohio. Paul*Lehoezky, Gordon 
B. Carson. 

BouTILiER, OscaR Davin, Instructor in Civil 
Engineering, University of Maine, Orono, 
Maine. W. 8S. Evans, G. K. Wadlin. 

CANNON, MICHAEL R., Professor of Chemical 
Engineering, Pennsylvania State Univer- 
sity, State College, Penna. J. H. Moore, 
R. E. Armington. 

CARNAHAN, F. L., Associate Professor of 
Chemical Engineering, Pennsylvania State 
University, State College, Penna. J. H. 
Moore, R. E. Armington. 

CAVALCONTE, CHARLES C., Instructor in Elec- 
trical Engineering, Manhattan College, 
N. Y. C. Brother A. Denis, R. T. Weils, 
Jr. 

CRYDER, DoNALD S., Head of Department of 
Chemical Engineering, Pennsylvania State 
University, State College, Penna. J. H. 
Moore, R. E. Armington. 

Day, JOHN FRANCIS, Instructor in Mathe- 
matics, St. Louis University, St. Louis, 
Missouri. V. J. Blum, J. B. Macelwane. 

Davis, DonaALD W., Associate Professor of 
Electrical Engineering, Ohio Northern 
University, Ada, Ohio. J. F. Klingen- 
berger, L. H. Archer. 

DIETZLER, JOHN PATRICK, Executive Assist- 
ant to the Deans, St. Louis, Mo. J. B. 
Macelwane, V. J. Blum. 

Downe, Roy E., Instructor in Mechanical 
Engineering, Lafayette College, Easton, 
Penna. J. H. Fernandes, H. C. Hamilton. 

FERIDUN, KEMAL KLEMAN, Instructor in 
Mechanical Engineering, Lafayette Col- 
lege, Easton, Penna. A. W. Luce, H. C. 
Hamilton. 

FREEMAN, JACK, Instructor in Industrial 
Engineering, New York University, N. Y. 
David B. Porter, John W. Snell. 

GENTILE, RALPH G., Assistant Professor of 


414 


Electrical Engineering, Rice Institute, 
Houston, Texas. Frank Zozzora, Mike V, 
McEnany. 

GRIFFITH, JOHN EpWaArD, Instructor in En. 
gineering Mechanics, Pennsylvania State 
University, State College, Penna. W. R. 
Shaffer, J. W. Breneman. 

Ham, JAMES MILTON, Associate Professor of 
Electrical Engineering, University of To- 
ronto, Toronto, Ontario. L. S. Lauchland, 
G. F. Tracy. 

JACKLIN, H. M., Professor and Head of 
Mechanical Engineering, Ohio Northen 
University, Ada, Ohio. J. L. Klingen 
berger, L. H. Archer. 

JASTRZEBSKI, ZBIGNIEW DAMAZY, Associate 
Professor of Chemical Engineering, Lafa- 
yette College, Easton, Penna. E. L. Me- 
Millen, Hance C. Hamilton. 

JENNINGS, NorMAN F., Instructor in Me 
chanical Engineering, Ohio Northern Uni- 
versity, Ada, Ohio. J. F. Klingenberger, 
Lawrence H. Archer. 

LINDLEY, KENNETH Assistant Pro- 
fessor of Electrical Engineering, South 
Dakota State Cellege, Brookings, South 
Dakota. W. H. Gamble, J. O. Storry. 

LucaL, Harotp M., Assistant Professor of 
Electrical Engineering, University of Co: 
necticut, Storrs, Conn. H. A. Sawyer, Jr, 
R. J. Kochenburger. 

MacConocui£, IAN OLIPHANT, Instructor i 


Mechanical Engineering, Duke University, | 


Durham, N.C. R. E. Lewis, H. N. Haines 
Morrow, Davip CLARENCE, Professor of 
Mathematics, Wayne University, Detroit, 
Mich. R. H. Schoonover, S. F. Hicks. 

PaLMER, Ropert S., Assistant Professor of 
Agricultural Engineering, University 0 
New Hampshire, Durham, N. H. E£.2 
Stapley, B. P. Rines. 

SCHALLER, GILBERT S., Professor of Me 
chanical Engineering, University of Wash: 
ington, Seattle, Wash. B. T. McMim, 
E. E. Day. 

ScHerBa, MicHaE B., Assistant Professor 0! 
Electrical Engineering, Wayne Universit), 
Detroit, Michigan. H. M. Hess, R. ¥. 
Grant. 
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NEW MEMBERS 


ScCHWEBKE, HowarD JOHN, Instructor in 
Drawing and Descriptive Geometry, Uni- 
versity of Wisconsin, Madison, Wis. R. R. 
Worsencroft, H. B. Doke. 

SEBAN, RALPH A., Associate Professor of 
Mechanical Engineering, University of 
Calfornia, Berkeley, Calif. Harold John- 
son, G. S. Emmerson. 

SHULDINER, PAUL WILLIAM, Instructor in 
Civil Engineering, Ohio Northern Univer- 
sity, Ada, Ohio. J. F. Klingenberger, 
L. H. Archer. 

Smupson, Howarp, Assistant Professor of 
Civil Engineering, Massachusetts Institute 
of Technology, Cambridge, Mass. M. J. 
Holley, Jr., O. G. H. Dietz. 

SmirH, RAYMOND VIRGIL, Assistant Profes- 
sor of Mechanical Engineering, New 
Mexico College, State College, N. M. J.P. 
Morgan, A. M. Lukens. 

Stetson, THoMAS EUGENE, Assistant Pro- 
fessor of Civil Engineering, Carnegie In- 
stitute of Technology, Pittsburgh, Pa. 
F. T. Mavis, E. D’Appolonia. 

Took, HERBERT L., Assistant Professor of 
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Chemical Engineering, Carnegie Institute 
of Technology, Pittsburgh, Penna. Carl 
C. Monrad, Lawrence N. Canjar. 

VELLINES, WESLEY ELMORE, JR., Chief Engi- 
neer, The C. & P. Telephone Company of 
Viriginia, Richmond, Va. R. A. Marr, 
Jr., John S. Jamison. 

VoGEL, MILTON LEON, Instructor in Drawing 
and Descriptive Geometry, University of 
Wisconsin, Madison, Wis. R. R. Worsen- 
eroft, H. B. Doke. 

Voet, CarL J., Professor of Mechanical En- 
gineering, University of California, Berk- 
eley, Calif. G.S. Emmerson, H. N. John- 
son. 

WILTSE, JAMES CORNELIUS, JR., Instructor 
In Electrical Engineering, Johns Hopkins 
University, Baltimore, Maryland. Morris 
S. Ojalvo, John L. Artley. 

Zuk, WILLIAM, Instructor in Structural En- 
gineering, Cornell University, Ithaca, New 
York. John G. M. McEntyre, Arthur J. 
MeNair. 


307 new members elected this year 


Review of Current Research Available... 


You can now get your copy of the “Review of Current Research 
and Directory of Member Institutions,” published by the ECRC. 
This is a complete directory of research projects in engineering 
colleges throughout the country. For a copy write to Professor 
Virgil Neilly at the Pennsylvania State University, State College, 
Pa., and enclose a check or money order in the amount of $2.50. 


| | 
| 


Tn The News 


INTERLINGUA 


Scientists and engineers are giving the 
Western world something else to talk 
about—or with—a new language called 
Interlingua. In 1923, an international 
group of technical men, anxious to sim- 
plify the exchange of ideas and develop- 
ments in science, organized to overcome 
the language barrier. The result was 
Interlingua, a union of five European 
tongues, with the peculiarities of each 
left out. The languages are English, 
French, Italian, Spanish, and Portu- 
guese. A little German also is included. 
Twenty-five years of research by linguis- 
ties experts culminated in a book on 
Interlingua grammar, which is simplified 
in comparison to the European languages, 
and a 27,000-word Interlingua-English 
dictionary, which includes 17,000 techni- 
cal terms. Currently being printed is a 
book using pictures to teach vocabulary 
entitled, “Interlingua a Prima Vista” 
(Interlingua at First Glance). An Eng- 
lish-Interlingua vocabulary is about halt 
finished. 

The first publications in the new langu- 
age were begun in 1952. “Spectroscopia 
Molecular” is one of them. It is published 
monthly by Dr. Forrest F. Cleveland, 
professor of physics at Illinois Institute 
of Technology, Chicago. 

“Most scientists,” he said, “may be sur- 
prised to find that they can read Inter- 
lingua with little reference to the diction- 
ary or grammar.” An example: “En- 
ergia es necessari pro toto que occurre 
in le mundo. In tempores passate le plus 
grande parte del energia applicate esseva 
fornite per le fortia muscular del homines 
e del animales domestic.” The English 
equivalent is: “Energy is necesary for 
all that occurs in the world. In past 


times the greatest part of the applied 
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energy was furnished by the muscular 
strength of men and domestic animals.” 

Although at present it is primarily a 
language to be read, it can be spoken, too, 
But the importance of Interlingua now 
is its usefulness in the fields of science 
and engineering. 

Chief of the Interlingua division of 
Science Service is Dr. Alexander Gode, 
who holds a doctor’s degree in Germanics 
from Columbia University and has taught 
modern languages at both Columbia and 
the University of Chicago. Dr. Gode was 
director of research for the International 
Auxiliary Language association. It was 
formed in 1923 by committees of the 
International Research council, by. the 
American, British, French, and Italian 
associations for the advancement of s¢i- 
ence, the American Council of Learned 
Societies and other specialist groups. Dr. 
Gode presented the theory behind Inter- 
lingua in an article entitled, “The Case 
for Interlingua,” in Scientific Monthly 
magazine, August, 1953. 

It was summarized in four points: 


1. The languages of the world cannot 


be reduced to one universal pattern. In- | 
stead, every language falls into one of | 


many possible molds. 


2. The internationalism of the twenti- 


eth century is propelled by ideological 
forees which have originated in the west- 


ern world. These forces are understand- | 


able only in the molds of occidental 
speech and thought. 


3. The languages of the west are 9} 


closely related to each other that it i 
sound to think of them as variations of 
one type language which is called Stand¢- 
ard Average European. 

4. To become international a language 
must have a force behind it to make it 
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spread: for example, Latin’s influence 
spread through Europe with the Roman 
eolonizing legions, Christianity, and the 
revival of classical Latin during the 
Renaissance. The motivating force of 
language in the twentieth century is 
science. 


IN THE NEWS 
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The coneepts of science, Dr. Gode 
wrote, emerged in Europe, and the natu- 
ral supranational language of science is 
Standard Average European. Inter- 
lingua, he concluded, is to date the most 
satisfactory system of language formed 
from Standard Average European. 


Reserve this date . 


June 14-18, 1954 


ANNUAL MEETING 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


e e e 
| 


College Notes 


A joint five-year liberal arts-engineer- 
ing curriculum for students at the Uni- 
versity Heights center of New York Uni- 
versity has been announced. The program 
will be available beginning with the fall 
1954 semester. It enables students to 
obtain the degrees of bachelor of arts 
and bachelor of engineering in a particu- 
lar branch of engineering. Students de- 
clare their intention of pursuing the 
combined curriculum after the freshman 
year. The first-year curriculum is a nor- 
mal liberal arts program. Each succes- 
sive year introduces a greater proportion 
of engineering courses until the fifth 
year when the program consists of engi- 
neering courses entirely. Degrees are 
awarded only after the fifth year, at 
which time the student has completed a 
major in engineering and two minors in 
liberal arts areas. 

* 


The California Institute of Technology 
is inaugurating a “3-2 plan” for the ad- 
mission of men from certain selected lib- 
eral arts colleges as juniors at Caltech. 
Colleges with which arrangements for 
participation in the plan have been con- 
pleted include Occidental College, Los 
Angeles; Pomona College, Claremont; 
and Whitman College, Walla Walla, 
Wash. Under the plan, a student may 
enroll in a cooperating college for a 
agreed-upon program for three years. 
On recommendation of the college he will 
then be admitted to Caltech as a junior. 
When he satisfactorily completes two 
more years of work at Caltech—for 
total of five years of study—he will re 
ceive simultaneously the bachelor of arts 
degree from the college and the bachelor 
of science degree from Caltech. 
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American industry has the world’s most extensive research and engineering 
facilities. At International Harvester, where we must depend upon the best of 
engineering talent to engineer our essential products, we have greatly en- 
larged and improved our research and engineering facilities in recent years. 


opay, International Harvester 

Company has more research and 
engineering projects underway than 
ever before. Here indeed is opportu- 
nity in full measure for the engineer- 
ing graduate! 


We need mechanical, industrial, 
metallurgical, chemical, agricultural 
and electrical engineers. We need 
engineers for training programs, for 
product designing, for testing pro- 
grams, for research and experimenta- 
tion in nearly all IH divisions. 


The engineer who comes to Harves- 
ter invests his education in a sound, 
well-managed, progressive and grow- 
ing company. He becomes a key figure 
in helping to supply the machines that 


underwrite the production facilities of 
the nation’s most vital industries. 


If you are interested in a career in 
the engineering fields mentioned 
above, with a good, progressive com- 
pany, then we suggest you write to 
F. D. MacDonald, Education and Per- 
sonnel Department, International 
Harvester Company, 180 N. Michigan 
Avenue, Chicago 1, Illinois. 


S 


INTERNATIONAL 
HARVESTER 


Builders of farm equip t for easier, more profit- 
able farming . . . trucks for better transport . . . in- 
dustrial power for road-building and earth-moving 
. . « refrigeration for better preservation of food 
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Automation 


and graduation 


Automation is a much used word these days. 
Particularly in the engineering fraternity. 


For not only do manufacturing processes become more 
and more automatic, with engineering effort replacing 
physical effort everywhere along the line. 


But products become even more simple for the user 
to operate—whether they be General Motors cars with 
automatic transmissions, Safety Power Steering, and 
Power Brakes, or Frigidaire refrigerators with auto- 
matic Cycla-Matic Defrosting and other conveniences. 


Yet—the less physical effort required to build a product 
and to operate it— the more mental effort that goes 
into its design and engineering. 


That’s why we link the word Automation with the 
older word, Graduation. For more than ever before, 
industry needs brilliant engineering graduates. As a 
leader in the development of ‘“‘more and better things 
for more people,” General Motors keeps a constant 
search for graduate engineers with the brains and the 
ambition to help solve the increasing intricate engi- 
neering problems of the age of automation. 


GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 


° 
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Will your students 
choose 

the most rewarding 
careers? 


It’s easy for a graduate engineer to find employment these days. All the 
offers look so attractive that it’s difficult to distinguish a routine job from 
a long term career opportunity. 


To select the latter, the wise graduate will consider these questions care- 
fully: 


What is the company’s background and record of achievement? Does its 
employment record show plenty of men whose jobs are sound careers? Is 
it an essential industry, deeply rooted? Is there activity, diversification, 
long range planning and projects, with room for advancement and profes- 
sional recognition? 


Curtiss-Wright can answer all these questions affirmatively. The company 
has a distinguished record of success, and sound plans for the years ahead. 


It is a permanent part of America’s industrial and defense structure . . . a 
great center of engineering. It has a distinguished staff under which an 
engineer’s talents can increase. While fundamentally a world leader in 
aeronautics, the company’s many collateral activities are in wholly unre- 
lated industries. It creates new materials, new products and processes— 
even consumer goods. 


This requires engineering specialists of many types. When trained and 
qualified, a man can work in the field in which his training and preference 
will insure faster advancement. He may choose aerodynamics, electronics, 
machine design, stress analysis, metallurgy, mechanics. He may work on 
propellers, reciprocating engines, turboprops, turbojets, turbo compounds, 
flight simulators or flight duplicators, electronic control systems or radar 
systems and components. 


' He can live in one of the finest residential areas with seashore and moun- 
tain lakes nearby. He may continue post-graduate education at one of 
several leading technical colleges conveniently near. 


Curtiss-Wright is a leader in precision products. It offers brilliant engi- 
neers a brilliant future. 


CURTISS-WRIGHT 


CORPORATION * WOOD-RIDGE, N. J. 


| 
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Your engineering graduate can 
get firsthand experience in nearly 
every industrial operation during 
his time on the Allis-Chalmers 
Graduate Training Course. 

He can broaden his knowledge 
and viewpoint working on major 
equipment for electric power, 
mining, cement, agriculture, food 
and chemical processing, steel 
and many other industries, By 
the time he finishes the course, 
he is in the best possible position 
to make a success of his career in 
the industrial field of his choice. 

Be sure that your engineering 
graduates are informed about the 
unique opportunity available at 

is-Chalmers. 
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Message for 


Student Counselors 


Allis-Chalmers Offers Your Graduates a Unique Opportunity 


The Right Job for 
the Right Man 


SALES 


. . Unlimited Potential! 


FACTS... About Allis-Chalmers Graduate Training Course 


It's well established, having 

« been started in 1904. A large 
percentage of the management 
group are graduates of the course. 


The course offers a maximum 

* of 24 months’ training. Length 

and type of training is individu- 
ally planned, 


3 The graduate engineer may 
Vs choose the kind of work he 
wants to do: design, engineering, 
research, production, sales, erec- 
tion, service, etc. 


He may choose the kind of 

® power, processing, specialized 
equipment or industrial apparatus 
with which he will work, such as: 
steam or hydraulic turbo-genera- 
tors, circuit breakers; unit substa- 
tions, transformers, motors, control, 


ALLIS-CHALMERS 


pare kilns, coolers, rod and 
all mills, crushers, vibrating 
screens, rectifiers, induction and 
dielectric heaters, grain mills, sift- 
ers, etc, 


He will have individual at- 
* tention and guidance in work. 
ing out his training program. 


6 The program has as its ob- 
® jective the right job for the 
right man. As he gets experience 
in different training locations, he 
can alter his course of training to 
match changing interests. 


For information watch for the 
Allis-Chalmers representative vis- 
iting your campus, or call an Allis- 
Chalmers district office, or write 
Graduate Training Section, Allis- 
Chalmers, Milwaukee 1, Wis. 

A-4025 


' 
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A MESSAGE TO COLLEGE 
ENGINEERING STUDENTS 


from A. C. Montieth, Vice- 
President in Charge of Engi- 
neering and Research, West- 
inghouse Electric Corporation, 
Queen’s University, Kingston, 
Ontario, 1923 


The second most important 
decision in your life 


Now, as you near.graduation, you 
are about to make a decision—sec- 
ond in importance only to choos- 
ing your life’s partner. 


I’m talking, of course, about that 
all-important first job. Which 
company will it be? I wouldn’t 
presume to answer that question 
for you. But I would like to em- 
phasize the importance of this de- 
cision. 

You have a lot at stake. The di- 
rection your career takes will most 
certainly be influenced by the 
company with which you cast your 
lot. May I offer a few personal 
suggestions? 


Choose a company not for its big- 
ness or smallness, but for how it 
will treat you as an individual. 
Choose it not only for its engi- 
neering activities alone but also 
for how it is set up to help its en- 
gineers develop themselves profes- 
sionally. Choose your company 
with an eye on the opportunities 
ahead—and an eye on the future 
of the company itself. Above all, 
select a company that has a defi- 
nite program to help you deter- 
mine the work for which you are 
best fitted. 


Only you can make this vital de- 
cision. Whatever it may be—good 
luck! 


For information on career opportunities with Westinghouse, 
write: Educational Department, Westinghouse Electric 
Corp., East Pittsburgh, Pennsylvania 


you CAN BE SURE...1F rs Westinghouse 


This advertisement appears in College Engineering Magazines 


— 
: 
; 
3 
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Boeing offers graduates 


ENGINEERING 
CAREERS with a future 


When you counsel students, you want 
to guide them toward careers that 
offer opportunities for advancement, 
for varied experience and stability. 
Boeing fulfills all these requirements. 
For no industry approaches this one 
in offering young engineers such a 
wide range of experience, or such 
breadth of application—from pure re- 
search to production design, all going 
on simultaneously. 


STABILITY 

Boeing is in its 36th year. Its Engi- 
neering Division, which has grown 
practically continuously, now numbers 
over 6000, in contrast to a peak of 
3500 at the height of World War II. 
Aircraft development is such an in- 
tegral part of our national life that 
young engineers can enter it with full 
expectation of a rewarding, long-term 
career. While the Boeing Engineering 
Division is large, it is so organized 
that each engineer is an individual 
who stands out in proportion to his 
ability. 


BREADTH OF EXPERIENCE 

Boeing is constantly alert to new tech- 
niques and materials—and approaches 
them without limitations. Extensive 
sub-contracting and major procure- 
ment programs — directed and con- 
trolled by engineers — afford varied 
experience and broad contacts and 
relationships. 


PRODUCTS 

Boeing produces C-97 military trans- 
ports, B-47 six-jet and B-52 eight-jet 
bombers. Through these fighter-fast 
jet bombers, Boeing has acquired an 
unmatched background in designing, 
building and flying multi-jet aircraft. 
It is the first American company to 
announce entry into the jet transport 


field. In addition, Boeing conducts a 
comprehensive guided missile pro- 
gram, research on nuclear-powered 
aircraft, and produces a revolutionary 
gas turbine. 


RESEARCH 

Boeing’s research facilities are unsur- 
passed in the industry. They include 
America’s only privately designed and 
owned trans-sonic wind tunnel, and 
acoustical, hydraulic, pneumatic, 
mechanical, electronics, vibration and 
physical research laboratories. 


OPENINGS 

Openings for graduates at Boeing lie 
in all branches of engineering, for work 
in aircraft designing, development, 
production, research and tooling. Also 
for servo-mechanism and electronics 
designers and analysts, and physicists 
and mathematicians. Boeing engi- 
neers work at engineering. The divi- 
sion is so organized that most draw- 
ings are made by draftsmen. 


LOCATION 
Boeing engineering activity is concen- 
trated at Seattle in the Pacific North- 
west and Wichita in the Midwest. In 
addition to skiing and mountain sports 
near Seattle, both communities offer 
fine fishing, hunting, golf, boating and 
other recreational opportunities. Both 
are fresh, modern cities with fine resi- 
dential and shopping districts, and 
schools of higher learning where en- 
gineers can study for advanced 
degrees. 


INFORMATION 

If you or any of your students would 
like additional information about en- 
gineering careers at Boeing, write to 
John C. Sanders, Staff Engineer- 
Personnel, Boeing Airplane Company, 
Seattle 14, Washington. 
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FOR TEACHING ELEMENTARY ELECTRICITY 


Use The New 
Beginner’s Experimental Kit 


i 


a _— only 6 Volt D.C. and A.C.; same as flashlight—no possibility of 
shock. 


@ COMPLETE—Comes with 240 page text-manual containing 319 illustrations. 


e COMPREHENSIVE—Covers magnetism, circuits, transformers, electrical de- 
vices, motors, and controls. 


@ INEXPENSIVE—£Every one can now afford instruction in electricity! 


@ FOR BEGINNERS—Manual written for elementary students; no mathemat- 
ics—profusely illustrated. 


e@ STUDENTS ‘LEARN BY DOING’—Construct their own operating assemblies. 


@ PORTABLE—Can be carried from room to room or issued to.students for home 
study use. 


Experiments and assemblies cover: 
Permanent Magnetism . . . Electro-Magnetism . . . Circuitry, switches, 


fuses . . . Induction and transformers . . . D.C. and A.C. electric 
motors and controls... Bells ... Buzzers... Thermostats .. . Relays 
@ PRICE—Complete with manual, transformer and portable case...... $47.50 


Bell Assembly and Circuit Z 
Electro-Magnet Experiment Sketch of AC Motor Assembly 


WRITE FOR ILLUSTRATED BULLETIN 


UNIVERSAL SCIENTIFIC COMPANY 


INCORPORATED 
BOX 336H VINCENNES, INDIANA 
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Rugged, 


UNIT INSTRUMENTS 
@Dependable, Interchangeable, 


and Inexpensive 


Power Supplies * Amplifiers 
Null Detectors * Pulse Generators 
Mudio, High-Frequency, Crystal Oscillators 


Each G-R Unit Instrument is built 
around a fundamental electronic circuit. 
Only one distinct function is packaged 
separately in each compact unit. To 
keep these instruments simple and inex- 
pensive, refinements incorporated in 
larger equipment are usually excluded. 
This is the G-R UNIT concept for pro- 
viding laboratory-quality equipment at 
minimum cost. 

These instruments plug conveniently 
into one another making possible a wide 
variety of assemblies. and setups. An 


500 Ke to 50 Mc 


example illustrates the System’s versa- 


One of the Unit Oscillators, plus a 
power supply serves as an unmodulated, 
general-purpose laboratory power source. 
Add a fixed-frequency Unit Oscillator, 
and you have a modulated power source. 
Add an attenuator, a crystal rectifier and 
meter and you have a standard-signal gen- 
erator. Substitute a different Unit Oscil- 
lator, and the system covers a new fre- 
quency range. The addition of a Unit 
Amplifier gives more power. 


There is no end to the assemblies and 
combinations possible . . . particularly 
when one considers the variety of Unit 
Instruments now available. Write for 
more information. 


Unit Oscillator 
for College Laboratory 


or Research Project 


This Unit Oscillator . . . another 
of the popular G-R Unit Instru- 
ments . . . covers a 100:1 fre- 
quency span by simultaneously 
varying both capacitance and in- 
ductance of the Hartley-type 
tuned circuit. It features: 


* Wide frequency range « Accurate 
calibration — frequency-increment 
settings to 0.002 of each main dial 
division «x As much as 2 watts from 
0.5 to 5 Mc — 200 mw from 5 to 50 
Mc « Terminals for amplitude mod- 
ulation — 45 v, audio gives 25% 
modulation with less than 3% en 
velope distortion *« With the ac- 
cessory Type 1000-P6 Crystal Diode 
Modulator, this oscillator may be 
video modulated above 10 Mc with 
negligible incidental f-m « Careful 
shielding throughout; power input 
leads filtered x Dimensions, 7 x 8 
x 12 inches « Net Weight 114 Ibs. 


Type 1211-A Unit Oscillator . . . $295.00 


Manufacturers of Electronic Apparatus for Science and industry 


GENERAL RADIO Company 


275. Massachusetts Avenue 


39, USA 


ANGEL 
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A COMPLETE 
PRINTING 
SERVICE ... 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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More than ever, light, flexible polyethy- 
lene sheathed cable developed by Bell 
Telephone Laboratories is providing 
speedy answers to the demand for more 
telephone service. 


But at thousands of splices, the sheath 
must be thoroughly sealed against mois- 
ture. Laboratories engineers developed 
a protective casing which is quickly and 
simply bolted in place. The edges and 
ends of the casing are permanently sealed 
with a new compound developed by 
Laboratories rubber chemists. 


Now, economical polyethylene cable 
can be installed much faster and at lower 


BELL TELEPHONE LABORATORIES 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR 
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 


23 


BOLTING 
VOICES 
TOGETHER 


Adjusting casing over splice in polyethy- 
lene cable. Edges and ends are sealed 
with a new Butyl rubber compound that 
won’t harden, dry out or lose adhesion 
even in extreme heat or cold. 


CLOSED CASING IN PLACE 


cost. Here is anotherexample of how 
Bell Laboratories continually finds 
ways to keep telephone service high 
in quality, while the cost stays low. 


3 
A 
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—Which of These 8 Reinhold Books— 
Do You Want to Examine On Approval? 


The selection of technical books for engineering courses always calls for 
a certain amount of deliberation. That’s why Reinhold has always made 
it a policy to offer these books to college professors and instructors for 
30 days’ free examination. Check over the following titles and decide 
which books would be of interest to you or your students. Should you 
adopt any for text use, the charges on those books will be cancelled. 
Otherwise simply return the books or send payment at list price less 


special educational discount. 


INDUCTION AND 
DIELECTRIC HEATING 


By J. WESLEY CABLE 

Here is a well-organized treatment of the 
latest uses and applications of high-fre- 
quency heating in industry. Contains suffi- 
cient theory to enable the student to under- 
stand fully the basic phenomena applicable 
to both methods. 

1954 620 pages $12.50 


ORGANIC PROTECTIVE 
COATINGS 


Edited “S WILLIAM VON FISCHER 

and EDWARD G. BOBALEK 
Emphasizing ra problems of formulation, 
specication and application of organic 
coatings, this much-needed new book in- 
cludes data on the development of anti- 
corrosive and luminescent pigments, amino- 
plast resins, hot spray lacquers, emulsion 
and latex paints; use of organic coatings 
on electrical insulation; silicone resins and 

heat-resistant paints. 
400 pages $7.50 


CHEMICAL ENGINEERING 


E. LAUER and 
RUSSELL” F. HECKMAN 
A unique textbook designed for the intro- 
ductory course in chemical engineering; 
covers a vast region of practical subjects 
with which the students should be familiar 
before entering upon the study of unit 


processes. 
1952 $6.00 


Illustrated 


450 pages 


METALLURGICAL 
DICTIONARY 


By J. G. HENDERSON 

This amazingly complete reference work 
contains over 5,000 easy-to-understand 
definitions of all the most common terms 
used in metallurgy. Indispensable to stu- 
dents, teachers and all others interested in 
metal fields. 

$8.50 


1953 416 pages 


INDUSTRIAL WASTES 


Their Treatment and Disposal 
ACS Monograph No. 118 


Edited by WILLEM RUDOLFS 
Written by a group of experts with long 
experience in the treatment of industrial 
wastes, this much-needed monograph offers 
a thorough, completely up to date study of 
the disposal problems of many industries. 
1953 450 pages $9.50 


CHEMICAL PROCESS 
MACHINERY (2nd Edition) 


By E. RAYMOND RIEGEL 
This new, greatly enlarged edition brings 
the material abreast of latest developments 
in the equipment of the chemical and 
process industries. Scores of new diagrams, 
photographs and tables. 
1953 40 pages $12.50 


TOOL ENGINEERS’ 
DATA BOOK 
By GERHARD J. GRUEN 
This valuable new book brings you all of the 
tables, formulas and specifications needed 
by the practicing tool engineer and designer. 
Includes much recent information on special 
alloys, heat treatment, and spot identifica- 
tion of metals, alloys and plastics. 
1953 220 pages $5.50 


TEXTILE FIBERS, YARNS 
AND FABRICS 


A Comparative Survey of Their Behavior 
with Special Reference to Wool 


By ERNEST R. KASWELL 

Based directly on the research results of 
over 400 investigators, this eagerly-awaited 
book is the first to evaluate the engineer- 
ing, physical and chemical behavior of 
textile fibers, yarns and fabrics, both 
natural and synthetic. 

50 pages $11.00 


Send for your copies today! 


REINHOLD PUBLISHING CORP. 


330 West 42nd Street 


Dept. M-619 


New York 36, N. Y. 
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MICROWAVE THEORY 
AND TECHNIQUES 


By REICH, ORDUNG, 
KRAUSS and SKALNIK 


This new comprehensive text emphasizes the 
theory and applications of microwave tubes and 
circuits, and covers most of the recent advances 
in this field. Prepared for advanced courses, it will also be welcomed 
by practicing engineers as a reference book. 901 pages 1953 $10.00 


3RD EDITION MORSE’S 


POWER PLANT ENGINEERING 


By FREDERICK T, MORSE 


This THIRD EDITION maintains the same successful approach 
which distinguished the first two editions. Being completely 
revised and brought up to date, it is essentially a NEW BOOK. 
Better balance achieved; many subjects expanded; operating 
engineers’ problems amplified. 687 pages 1953 $8.75 


FUNDAMENTALS 
OF STRUCTURAL ANALYSIS 


By JAKKULA and STEPHENSON 


Designed for the first course in structural engineering, this excel- 
lent text introduces the basic elements, fundamental principles, 
and elementary procedures involved in the stress analysis of 
statically determined structures. 288 pages 1953 $4.50 


2ND EDITION 


ENGINEERING MECHANICS 


By COX and PLUMTREE 


This NEW EDITION, now under the co-author- 
ship of two educators, is designed for students 
majoring in all branches of engineering. It 
differs from the first edition in three distinct 
ways: (1) there has been a substantial rearrange- 
ment of the subject matter, (2) the coverage of 
the material has been enlarged in many instances, 
and (3) the number of problems has been in- 
creased materially. A PROBLEMS SOLU- 
TION BOOK will be available. Ready in April 
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MCGRAW-HILL Bovks 


INDUSTRIAL STOICHIOMETRY. New second edition 


By Warren K. Lewis, Massachusetts Institute of Technology, Artaur H. 
Rapascu, The Cooper Union, and H. Cray Lewis, Georgia Institute of 
Technology. McGraw-Hill Series in Chemical Engineering. In press 


The long-awaited revision of this widely known chemical engineering book is 
designed to develop skill in the art of applying computation methods in the 
analysis of processing operations and in the analysis and solution of processing 
difficulties. The book has been completely revised but the authors have retained 
the case method of illustrating techniques of computation. New materials 
cover equilibrium and driving forces, nitrogen compounds, alkalies, and ceramic 
calculations. Only a prior knowledge of general chemistry is required for 
understanding the book. 


ASME HANDBOOK: Part |, Metals Properties 


Sponsored by the Metals Engineering Handbook Board, American Society 
of Mechanical Engineers. ited by Samuet Hoyt, Metallurgical Con- 
sultant, Batelle Memorial Institute. 454 pages, $11.00 


This is the first of a four-volume handbook for designers, draftsmen, students, 
and engineers in the product design and manufacturing and production engineer- 
ing groups. Explanatory treatises and reference data are combined. Metals 
Properties tabulates data on strength, hardness, machinability, electrical conduc- 
tivity, thermal conductivity, and other properties of more than 500 metals. 


ESSENTIALS OF INDUSTRIAL MANAGEMENT 


By Lawrence L. Betuert, New Haven College; FRANKLIN S. ATWATER, 
The Fafnir Bearing Company; Georce H. E. Smitu, Lawyer and Econ- 
omist; and Harvey A. STACKMAN, Jr., President, Executive Development 
a. McGraw-Hill Industrial Organization and Management Series. 
n press 


Coordination as the goal for good management is the major point of emphasis 
in this comprehensive, yet brief, treatment of the field of industrial manage- 
ment. The technical aspects of the subject and the various approaches to man- 
erial problems are treated with equal thoroughness. The balanced treatment 
of all phases of industrial management, the abundance of illustrations, and the 
thorough explanation of fundamental principles make this book, like the author’s 
Industrial Organization and Management, a truly distinctive volume. 


DESIGN OF CONCRETE STRUCTURES. New fifth edition 


By L. C. Urqunart, Porter-Urquhart, Consulting Engineers and C. E. 
O’RourKe. Revised by Coronet Urguuart, and Grorce Winter, Cor- 
nell University. In press 


Thoroughly revised to account for the many new developments in concrete tech- 
nology a f design method of the past two decades, this new edition prepared 
by Urquhart and Winter has greater emphasis on basic structural performance, 
fundamental mechanics and physical explanation while retaining the basic 
method of presentation and general arrangement of material which have made 
this book useful as a text for students. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 36, N. Y. 
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